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Books of Navigation, Sc. Printed for William 
Mount and Thomas Page, on Tower-Hill. 


8 Britains Coafting Pilot, by Capt. Greewvile Collins, | 
y 


-oalting(Vilot for England, Scotland and Holland 
'EnglihPilar for the Chanel. Engliſh Pilor for the Straits. 
7 Euglith Pilot for Meſt-India. Engliſh Pilot for Guinea. | 
Pilot for. the Ea - India. © OY 
Sea Atlas, containing Charts of the Sea-Coaſts of the whole World, 
A compleat Sett of New Charts, containing Norrh-Sea, Catteg at, Baltick, 
A compleat Sett of Charts for the Sca- Coaſt of France. 
The Mariner's New Kalendar, by Nathaniel Colſon. 
The Seaman's, Companion, or Vademecum 
The Seaman's Practice, by Richard Norevood. 5 
Practical Navigation, or an Introduction to the Whole Art, by J. Seller 
The Whole Art of Navigation, by Capt. Daniel Newhouſe. 
Sherwin's Tables of Logarithm e. | . 
* Elements of Algebra, expounded in TVO Books, by John Kerſey. 
Fd Syſtem of the Mathematics, in Two Volumes, to. by Fames Flodeſon. 
— Navigation New Modelled, by Henry Wilſon. , 
The Boatſwain's Arr, ſhewing the Art of Rigging any Ship, &c. 
- Ship-Baildec's Aſſiſtant, by William Sutherland, 
The Accompliſh'd Shipwright aud Mariner. 
Leybourn's Mathematical Inſtitutions. 3 
bg. _ Mariner's Compaſs Rectified, by Andrew Hakely. And enlarged by J. A. 
bn: The Seaman's New Kalendar, by William Leybourn, | 
[| The Scaman's Kalendar, by Eenry Philips, 
St The Art of Shadows, or Univerſal Dialing, by John Good. 
Br Sea Gunner's Companion, by Capt. Povey . 
| x An Epiromy of the Whole Art of Navigation, containing aneaſy me- 


thodical Way to become a compleat Navigator, by James Atkinſon. 
F Nerwood's Epitomy of Navigation, with Additions, by F. A. 
„ Treatiſe of Trigonomerry, Third Edition, by Samuel Ms 3 


1 Epitomy of Navigation, being the moſt uſeful Part of Gillibrands, Nor- 
WM - zced's and Jones's Works, collated and digeſted into one Com- 
© FEM pendium of Navigation 8 


Compendium Artis Nauticæ, by John Collie. 
Marine Architecture, or Directions for Building and Rigging of a 
Ship, from the laying of her Keel to her actual going to Sea. 
FEuclid's Elements, the whole Fifteen Books, by Iſaac Barrow. 
The Modern Navigator's compleat Tutor, in 2 Volumes, by Fob. Kelley 
"The Sector and Plain Scale compared, by Roger Rea. 
Deſcription and Uſe of 4 ſeveral Quadrants, bs J Collins, and the Prints 
Uſe of Coggerſhal's Sliding Rule, the Deſcription of Scamez / Liue: 


„3 ew” 3 


N. B. There are alſo Sold all forts of Mathematical and Sea Books, 
Pilots, Sca Charts for all Parts of the known World, Plain and 
Mercator; or Books of any Subjects, Paper or Paper Books, ths 

beſt Ink, and all other Stationary Wares, i 
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Art of NAVIGATION; 


Short, Eaſy and Methodical Way to become 
= a Compleat Navigator: 


RA | 


CONTAINING, 


Kinds of Menſuration. oa 
Trigonometry, Plain and Spheric, both Geometric, 


in NAVIGATION, VIZ. 


graphy, Aſtronomy, the Projection of the Sphere, &c. 


The Deſcription and Uſe of the P/2in-Chart, Mercator's-Chart, 
both Globes, Hemiſpheres, and divers other Inſtruments, 


A New Form of keeping a Sea. Reckoning, or Account of a 


Ship's Way. 


A Traverſe-Table ; a Table of Meridional 1 3 a Table of | 


10,000 Logarithms, and Logarithmic ines, 'T FO and 
Secants, carefully Corrected. 


By JAMES AT ATKINSOMN, Senior. 


Nr rs — eee 


The Whole revis'd and eee e 20 the utmoſt Care, 
By William Mountaine, Teacher of the Mathematics. 


—_— 


LONDON: | | 


Printed for William Mount and Thomas Page, on Tower- 


Hi Ill, M. DOC. XIIV. 


Practical Geometry, Plain and Spheric, 
Superficial and Solid ; with its UsEs in all 


Inſtrumental, and Logarithmic ; ; with its Us ES| 


ln Plain, Mercator's and G reat-Circle-Sailing, Geo- 
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To all Lovers and Learners 
I. 


N A VIG A 'T..1- 0 N. 


\H F General Approbati on of this Bock, 2 its 


firſt Impreſſion in 1686, hath obliged me not only 
to publiſh my G reatful Acknowledgement thereof; 


but alſo excited my diligent Search into, and exact 8 
vey of every Part of it's Structure, to find out the De- 
tes, to know all its Deficiencies, which I have fo far 


iaboured in, That in this Tenth Impreſſion, 
I have now Rectiſied what was Amiſs: Alter'd what 
was Diſorderly; Explain'd what was Dark or Obſcure , 
Enlarged where it was Scanty, Added where it was Want- 
ing. And, 


Theſe Refifications, Alterations, Emendations, and Ad- | 


_ #itions, being in divers Places, I thought it needleſs to 
Enumerate them; for they are obvious to a diligent Rea- 


der, that will but compare the Rules, Precepts, and Ex- 


| amples of this with the former Impreſſions, in the plain 
and eaſy Method they are placed in, which is thus; 


I. You have Practical Geometry, explained by Defini- 
tons, Problems and Proportions, In this Chapter is 


taught the making the moſt uſeful Geometric Figures, with 


the meaſuring all Superficies and Solids z Alſo the Appli- 


ation thereof in Practical Meaſuring, Board, Glaſs, Plai- 
rering, Painting, Paving, and Land ; Timber, and 


| | Stone 3 Gauging of Caſks, and à Ship's Hold: All Be- 


ing illuſtrated with Rules, Proportions, and Examples, 
eaſy to the Underſtanding, and not burthenſome to the Me- 
mory; and ſo ſtated that they may be perfarmed bath by 
A rithmetic, and by the Line of Numbers oz Gunter J 


Scale, In 37 NESS ; . ö The | 
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* The PREFACE. 


The firſt Chapter I adviſe the Learner to ſtudy well before 


be proceed, it being preparative to the next, as indeed they 


are all depending on one another, as Links in a Chain, 


II. Plain Trigonometry is next, in which, are many 


u ſeful Notes and Definitions, with the Axioms, and alſo 


the Caſes depending on each Axiom, orderly fet down in 8 
Problems, containing 13 Caſes. 


And here I muſt advertiſe the Young Student that would - 


work Trigonometry by the Logarithms, 70 conſult Chap- 
ter 1. The Explanation and General Uſe of the. Table 


III. Then follows Plain Trigonometry, applied i in Pro- 
blems of Sailing by the Plain Sea-(1 hart, commonly called 


Plain Sailing. 


of Logarithms, and Tables of Sines, Tangents, and Se- 
cants, towards the latter End of the Book ; in Page 204. 


And that nothing be wanting, 1 3 with the common 


Notes of the Julian Kalendar; fhewing how to find the 


Prime, Epact, Dominical Letter, Eaſter Day, the Moon's 
Age, Southing, and Time of Full Sea, or High- water, N 


In 9 Problems. 


Then proceeding 10 the Deſcription and Uſe ef the Plain 
Chart, in 5 Problems, before I come to the Caſes of Plain 


> which 1 divide into 3 Parts. 
In aRight-angleTriangle, relating toa ſingle Courſe, 


in which are 6 Caſes, commonly called the 6 Caſes of Plain- 


rn 
2. Ina Right- angle Triangle, relating to ſeveral Courſes, 
called a Traveric, - 


In an Oblique Triangle, in which are but 4 Caſes, 


; though there may I a Multitude of various Queſtions ; of 
wich you have a Taſte in Turning to Windward, and 
Sailing in Currents, In 21 Problems. 


IV. In Chapter 4th is Mercator's Sailing: To the right 


Underſtanding of which, tis neceſſary i deſcribe Mr. 
WMWrights' Projection, commonly known by the Name of 


| Mercators Chart, and ſbeu the Uſes of it, before I treat of 


the Problems of Sailing by it; which you will find per formed 


in 12 Problems. In the frf 9 the Table of Meridional 


Parts, | 
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Parts, or the Meridional Line on Gunter's Scale 5s uſed ; 


And in Caſe that Table or Line be wanting, to ſupply their 


room, I have added Problems of Sailing by the Middle 


Latitude, which <vill nearly agree with Mercator” s Sailing, 
3 Thing of good Uſe, In 4 Problems. 


V+ Spheric Trigonometry, or the Doctrine of Spheric 


Triangles Rectangular and Oblique, 7s next in Order; and 


being ſo neceſſary, you ſhould underſtand how to make 4 


Spheric Triangle, and alſo how to meaſure any of its Parts, 
before the frami ng and working Proportions therein, 1 have 
fr ity explain d that Matter in the beginning of this Chap- 


der, being in u Manner a New Invention, whith I call 


Spheric Geometry ; This you have in 21 Problems. 


And in Spheric Trigonometry it ſelf, (the next in Order) 
you have all the Axioms and Caſes, both in Rectangular 


and Obliquangular Triangles, explain'd with neceſſary 


Notes on each Caſe: As to br when a required Angle is 


Acute or Obtuſe; and when a required Side is more or leſs 
[han à Quadrant, In 12 Problems, containing 28 Cafes. 


VI. The Deſcription and Uſe of both Globes, is the 


next to be conſider' d; in which 1 have plainly and fami- 


iarly explained and ſhewed the Uſe of the moſt neceſſary. 


Things belonging or relating to each of them, in 24 uſeful 
Problems. 


To which is annexed a ſhort Deſcription and Uſe of the 5 


Hemiſpheres, projected on the Plain of the Ecliptic. 

VII. Geography is the SubjeH of this Chapter, which is 

_ the Application of Spheric Trigonometry in finding the 

True Diſtance of Places in the Variety of their Situation 
on the Globe of the Earth, In 4 Problems. 


VIII. Great Circle Sailing comes next, which as it "5 the 


exaFeft Way of Sailing, ſo it's the moſt di Heul, and hardly 


p offible for a Ship exacthy to ſail by ; yet it's of great 44 | | 
vantage to keep conveniently near it: for which Purpoſe 
youll find all that 1 belongs or relates to it, both 


as to the Projective art, and that both Stercographic 


ond Gnomonic ; as alfo in the Calculative Part, which is 


e Application of both Spheric and Plain Trigonometry, 


A 4 4 fully 
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vii The PRE FACE. 
fully made out: With an Intimation of ſbortning the Wark, 


ty fhewing how to deſcribe the Arch of a Great Circle in a 


Mercator's Chart, In 4 Problems. 
IX. Next you have Spheric Trigonometry, applied in 


ſundry Aten Problems uſeful in Navigation, where- 
in ihe Circles of the Sphere are deſcribed, and the necef- 


ſary Terms of Art explained to the meanęſt Capacity, with 


m_ to the diurnal Motion; and that either, 

1. According to the Ptolomaic Syſtem, wherein you 
kit in a Right-angle Spheric Triangle, all the Variety of 
Queſtions and Examples that relate to the Sun, with Re- 


ſpect to his Longitude, Declination, Right or Oblique Aſeen- 
Alon, or Deſcenſion, Riſing, Setting, Amplitude, Altitude and 
Azimuth, at the Hour of Six; Altitude, and Hour of the | 
Day, when Eaſt or Weſt ; Hour, Azimuth, and Altitude, 
_ when he is in the Equinoctial, In 24 Problems. Alſo, 
In an Oblique Spheric Triangle, you have great Variety 


both with Reſpect to the Sun or a Star, in many Queſtions 


and Examples relating to the Sun's Altitude, Azimuth, and 


Hour of the Day, in any Place, at any time of the 7; ear : 
And relating to a Star, as to its Longitude, Latitude, Decl:- 
nation, Right Aſcenſion, Riſing, S etting, Amplitude, Alti- 


tude, Azimuth, Hour of the Night, its Altitude on the Me- 
ridian, and Time of its coming to it, In 12 Problems. Or, 


2. According to the Pythagorean, or Copernic Syſtem, 


which is now generally receiv'd, gs moſt agreeable 10 the ob- 
erved experi enced Motion of the Heavenly Bodies ; where- 
in Spheric Trigonomctry is applied in variety of Queſtions 
and Examples relating ts the Earth's Diurnal Motion a. 
bout its own Axis, once in 24 Hours, whereby all the vi- 


fable Appearances of the Sun and Fixed Stars are ſolved, 


with the Deſcription of the Circles of the Sphere, and how 
they are drawn Stereographically on the Plane of the 


Earth's Ecliptic, In g Problem. 

X. Then follow very eaſy Rules to find the Variadan of 
the Compaſs, and how - to re#ify the Compaſs, and 10 
Correct the Courſe thereby, both e and In 


Arumentalh, with great Readirieſs 


4. 


. 
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Alſo here you have the way of Projecting the Sphere Or- 
hopping, In two Problems, with many Examples. 


I. An Obſervation, either of Sun or Star; what it 
is, how or with what, and when lis taten; with Rules to 


find the Latitude of the Place of Obſervation, and all the 


Varieties therein reduced unto one Propoſition, containing 
„General Caſes, fully explained by many Examples. 


XII. You have next the Uſe of all the foregoing I. 2 
ons, ſummarily comprebended in a new Form of keeping 
2 Sea-Reckoning or Journal, wherein the Log-Book. and 
Tournal in Words at Length, and Tabular in Figures, are 


kept together in one Boot; whereby the æubole proceed, and 
every particular 7. ranſaftion of any Voyage at all times 
may be ſeen and known, which will be no ſmall Satisfaction 
to thoſe concerned in Ships and Goods, nor a little Aug- 


mentation to the Mariner's Credit and Reputation. 
And that ſo uſeful and beneficial a Method might be 
trattiſed by all who deſire to keep a Compleat and Exałr 


| Reckoning, and fo be enabled to render a good Account 
thereof, I have largely deſcribed the Form and Manner of 


it, with plain Rules and Directions how to correct the 


Reckoning by the obſerved Latitude, and how to find 


ah, Latitude and Longitude the Ship is in every Day; 


with an Example of a Seven Days Journal; And hots 


each Days Sailing is managed, in taking it from the Log- 
Board, caſting it up, and bringing it into one Courſe and 


Dif tance with framing the Dead-Reckoning, and ſet- 
ling it int the Journal: So that ty this the Whol 7s made 


more intelligible. 
Laſtly, In the Tabular Part, you have firſt, a Traverſe 


able; which tho' it ſtands in 7 12 Room as two Pages, 
yet by it the Difference of Latitude and D Departure from 


the Meridian, may be found for any Diſtance under 10,000, 
end for every Quarter Point of the Compaſs. 
ext to that, A Table of Mendional Parts to ev 


5 Minutes of Latitude, which together with the Table 


9 Proportional Parts annexed, the Meridionsl Parts 


fer each hi * Minute are found, 
Aud 
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Aud next adjcining is a Table of 10,000 Logarithms. 
After which you have a Triangular Canon Logarith- 
mic, or a Table of Artificial Sines, Tangents, and Se- 


cants, % every Degree and Minute of the Quadrant, 
_ which are corrected with more than ordinary Care, there | 
being no Volume (when this Book. was firſt publiſhed in 

1686,) extant that had Secants be/id:s (his. The De- 


ſcription and general Uſes of theſe Tables are comprebended 
in 4 Chapters, containing 13 Propoſitions, and ſet juſt 
before the Tables, At Page 294. 


The Schemes or Figures, are contained in 10 Copper- | 


Plates, inſerted in their proper Places, being orderly 
Numbred with proper References for the more eaſy turning 
unto upon Occafion. 

Thus have you the Sum of what's here treated; what 
my Labour and Pains have been herein, I leave you to 


judge who are moſt like to reap the Fruit and Profit (ny 


Share being a very ſmall Part) thereof; tho" TI dare aver, 
it's the Compleateſt and Portableſt Pile of Inſtrudtions 


(for a Young Learner of Navigation) new extant : I. 


the very Method I have uſed for now 5o Years, finding 


it ever ſucceſsful even to the moſt indifferent Capacity among 
the many Hundreds I have Taught. Therefore, if my 
Reader would be a Proficient berein, let him begin chear- 
fully, proceed gradually, and the End will crown bis 
Endeavours with anſwerable Succeſs. 

Let not Sloth perſuade to give out at the "RE of any 
Difficulty, but rather remember that Love, Labour and 


Conſtancy will overcome the greateſt Difficulty. Aud, 


© That my Learner may ſo read as to underſtand, and 'þ 
underſtand as to be a Proficient, is the Defire of him, rb 


_ wiſheth the Young Student 8 Welfare, and the bs 


ef Arts. 
JAMES ATKINSON, 


Epitome 
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CHAPTER 1 


and Proportions. 


the Kinds and Properties of continued Quantity, or 
- Magnitude : that is, a Line, a Superficies, and a 
Solid, whoſe Original is from a Punct. 


ection 75 07 Linea Geometry, or 15 firft Kind of Magnitads 


Def: PIHIONS, I. A Pun or Point is that which cannot be divi- 


ded into Parts, and is the End of a Mathe- 
matic Line, as the Punct A. Plate 1. Figure 1. 


in itlelf) is either Regular or Irregular. 
. Regular, is either a Right Line or an Arch. 


4. A Right Line is the ſhorteſt Diſtance between two Pants, 
3 = Line BC. Plate 1. Figure 1. 


11 >endeth evenly, as the Arch DE. 


any 6. Irregular, is any crooked Line that bendeth unevenly, 2s = 


FG, Plate 1, Figure 1. 


7 7. Lines compared, are either parallel, | or nclining ; from 
7 hk Fhence proceed many Problems. | 


06 Problem L To draw a Line parallel 1 t0 4 given Ling 


Def nition, Piu Lines are of equal Diſtance, and if in- 
hnitely produced (being in the lame Superficies) 
- WW vil never meet, as the Lines AB and CD. Plate 1. Fig. 2 2. 
N. Example. AB the Line 
© ba Punct F Swen. 


ne | [rough which Punct C, and parallel to the 1 Line AB, a 
aus Line is required to be drawn ? 
r $$ 


— 


Ferrouz of the Arr of NaAvIGATION. 


Prafical Geometry explain'd by Definitions, Prata | 


BOMETRY is a Mathematic Science, explaining x 


2. A Mathematic Line hath no Breadth, or Thickneſs, only 
Length ; it is made by the Motion of a Punct, and (conſidered 


. An Archis not the ſhorteſt Diſtance between two puncts, f 


A 
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12 Practical Geometry. © Chap. T. 


1. Take (with a pair of Compaſſes) the neareſt Diſtance 


between the given Punct C, and the Line 4B. 


2. With that Diſtance (in the Compaſſes) and one F oot of 


the Compaſles (any where in the Line AB,) draw (chat way 
the Punct C lieth) an Arch D. 


3. From the Punct C, draw a Line to touch the Arch P, 
and it's done, for the Line CD, is Tn to the Line 4B, 
as was required. 


Prob. II. To biſect or divide a given Line into two equal Parts. 


Example. AB is a given Line, Plate 1. Fig. 3. 
To find the middle thereof is required ? 


WI TH any Diſtance, (greater than half the given Line 


AB) and one Foot of the Compaſſes on 4, deſeribe 


the Arch CD. 


2. With the ſame Diſtance, and one F oot on B, croſs the 


former Arch in C and D, 
. By Cand D draw a Line which will « cut AB in E, the 


mi dle; and if AE is equal to ER, it's done true; which point 


is the middle of the Line AB, as was required. | 
Prob. III. To rect a Perpendicular from a Punt in a given Line. 


Definitions, 1. 7 Nelining Lines are not of equal Diſtance, and 
if produced, will meet, as the Lines AB, 


and CD. Plate 1. Fig. 4. 


2. The meeting of Inclining Lines, (called an Angle) is either 
Direct or Oblique. 


Direct meeting of Lines, is when the Angles on each 


Side are equal, as EGF, and GH; and this kind of meeting 


15 called Perpendicular. Plate 1. Eg. 4. 


Example. AB is a Line given. 
The Punct A one End of it, from whence to erect a Per- 


N is required, Plate 1. Fig. 5. 


With any Diſtance, and one Foot in A, draw an Arch 

to wi the Line AB in D. 

2, With the fame Diſtance, and one Foot in D, draw 
an Arch to cut the former Arch in C. 
3. With the fame Diſtance, and one Foot in 6 deſcribe an 
Arch DE, to cut the Line AB in D. 

4. By Cand D draw a Line, to cut the Arch DE in F. 

5. Then by A and E draw a Line, and it's done: For the 
Tine AE is perpendicular unto os as Was required, | 


Prob. W 


to 4 given 1 
MW r:ample. AB is a Line given; C is a given Punct: From 
hence to let fall the Perpendicular to a Line AB is required | 
Plate t. Figure b. 
I. Draw a Line (at pleaſure) from C to AB, as is the Line CD. 
2. By Problem 2. biſect the Line CD in E. 


, croſs the Line AB in A. 
4. By A and C draw a Line, and its done: For AC is 4 


was required. Prot. V. To make a Plain Angle. 
Definitioni. 1. The meeting of inclining Lines is called art 


Angle, and the Lines ſo meeting are called Sides of the 
Ancle, as AB and AC. Plate 1. Hg. 7. 


2. An Angle is either 2 Right Angle, or an Oblique Angle. 


eech other, as ED and DF. Plate r. Fig. 9: 
Note, A Right Angle, is juſt go Degrees. 


. 4. An Obligue Angie, is either Acute leſs than qo deg, as 
na BAC, or Obtuſe more than go degrees, GHI. Figure 7. 
8, Mere; An Angle is written with 3 Letters, the middle Letter 


heniheth the Angular Punct, as BAC lignifieth the Angle A. 
An Angle is meaſured by an Arch, whoſe Center is the angu- 
far Ponct, and is drawn from one Side to the other of the An- 


ac e., as the meaſure of the Angle ELM is the Arch NO, 


ting Plote 1. Figure 7. 


What a Degree is you may ſee in Problem 9 - Difinititn WE 


Example 1. At A in the Line AB, to make a Right Angle, 
| Plate 1. Figure 7. 


The Rule. Upon A (by Problem 3. q erect the Perpendicular 
ww AC, and it's done: for the Angle BAC is a Right Angle. 


Example 2. At Ain the Line AB, to make an Acute Angle 


bqual to 41 degrees. Plate 1. Figure 8. 


Witt one Foot on A draw an Arch DE, to cut the Line AR in D. 
& 8 2. Make the Arch DE equal to the Chord of 41 deg. that 
8 is, take 4t deg. from the fame Scale of Chords; and lay it on 
„„de Arch from D to E. 
| By A and E draw the Line AEC, and it's done; for thie 
v1 Fa le BAC: is an Acute Angle containing 41 degrees, 
3 - rample 3- At Bin the Line BC, to make an Obtuſe Angle 
£42! tO 102 degrees, Plate t. Figare 8. Ps 1. As 


Pe. „ Praffical Geometry. 13 
problem IV. To let fall a Perpendicula, from 2 given Punt 180 


3. With the Diſtance EC, * to ED, and one Foot in 


Perpendicular let fall from the Punct © ro the Line AB, as 


3. A Right Angle is where two Lines are perpendicular to 


1. Take (always) a Chord of 60 Degrees from your Scale, and 


R. 


3 N 
e PITS nn 92 


2 
4 
£ 
Y 
i 

* 


* * * > — 
P 


6 


K P Nr 


519. the half of 102d. that is, take 51d. from the ſame Scale of 


Sect. II. Of Superficial Geometry, or the fecind kind of Magnitiide, 


drangle, or a Multangle, 
a BCDEB. Plate 1. Fig. 

Term, as ABCDEBA. Plate 1. Fig. 8. 
more difficult are the Ellipſis, Parabola, and Hyperbola each 


Problem VI. To deſcribe a Circle, having its Diameter given. 


that it's equally diſtant from the Center, as BCDEB, 


* whence all Right Lines drawn to the Periphery are 
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1. As tes (with one Foot on B) draw the Arch EF with a 
Chord of 60 deg. to cut BC in E. 


2. On that Arch make EG equal to GF, and each equal to 


Chords, and lay it on the Arch from E to G, and from G to F. 
3. By B and F daw the Line BFD, and it's done for the 
Angle CBD is an Obtuſe Angle, containing, 102 Degrees. 


Definitions. 1. A Superfices hath no T hickneſs, only Length 
and Breadth, it's made by the moving Of a Line; ; and 1 1s either 
plain, convex, or concave. 

2. A plain Superficies, is a Figure Hat, fnoorh, even, ard 
made by the Motion of a Right-line; it's either / mple Or Various, 

3 A 3 45 4 8 Figure or Superßcies is bounded by 5 e 

4. A Figure bounded by one Line, is either a Circle, or an 

Ellipfis. 


A Figure bounded by Lines, is either a Triangle, 1 Qua 


6. In every Superficies there are three things to be noted. 
r. The Term, which is that Line or Lines bong it, as 


2. I he Center, which is a Punct in the middle of i it; as A. 
. The Area, which is all the Space contained within the 


The kinds of Plain Figures are ſeven, a Cirele, a Triigh, 
e and a Multarigie, the moſt eaſy to make ; the 


afford divers Problems, of which we begin with the Circle. 


Definitions. 1. A Circle is a plain Figure bounded by one Line, 
called the Periphery : as ABCDEBA. Plate 1. Fig, 
2. The Periphery of a Circle, is a Line conn it; ſo 


The Center of a Circle is a Punct in the middle of it, 


equal, and call'd Radii, as A. 
4. The Diameter of Circle, is any Right-line drawn thro' 
the Center to the Periphery ; it biſecteth the Circle, and is the 
longeſt Right-line, that can be drawn in it, as BAD 1s 3 
Diameter. 
Example, BD equal to 60 Inches is given; to make a Circle 
on or about it, is required? Plate 1. Fig g. 10. | 
1. Biſcct (by Problem 2.) the Line BD in A. 2. With 


are 


ro? 
the 
13 2 


ircle 


With 


| ect. 1 . Practical Geometry. 1 T5. 
2. With the Diſtance AB equal to AD, and one Foot on A, 


efcribe the Periphery BCDEB, and it's done. 


Problem VII. To draw the Periphery of a Circle through any 


three Puntts, not in a Right Line. 


Example. B, C, and D, are three Puncts given, thro” them 
o draw the Pcriphery of a Circle | is required. Plate 1. Hg. 11. 


1. With any Diſtance (greater than half CB, or CD) and 


ne Foot in C, draw an Arch FGHI. 


2. With the ſame Diſtance, and one Foot in B. croſs that 


arch in F and G. 


3. Likewiſe (with the ſame Diſtance and) one Foot in D, 
cut the former Arch in H and I. 


4. By F and G, and H and I, draw Lines to cut each other 


bn 44 the Center. 


5. With the Diftance AB, equal to AC, equal to AD, and 95 


one Foot on A, draw the Periphery BCDB, and it's done. 


Problem VIII. 7˙ quarter a Circle, or in a Circle 10 draw five 


Diameters at Right-anglcs. + 
Example. BCDEB the Periphery, and A the Center of the 
£iven Circle; in which to draw two Diameters at Right Angles 
is required, Plate 1. Figure 12. 
1. Through the Center A, draw the Diameter BAD). 
2+ BiſeCt (by Problem 2.) BAD, by drawing the Line CAE, 
and it's done; "i if BC, CD, DE, and EB are equal to each 
other, it's done true, otherwiſe Bet” 
Probl em IX. Ty * the Chord, Sine, Tangent, and Secant of 
an Arch of a Circle. 


Definitions, 1. If the Periphery of a Circle be divided into 


300 equal Parts, they are Degrees; a Degree divided into 60 


equal Parts, are Minutes; a Minute into 60 equal Parts, are 


Y*conds, c. Plate 1. Figure 13. 
2. The Arch of a Circle is any part of the Periphaty 4 28 


LB, or EBF; and is counted in Degrees, which are greater 


at in Proportion to the Radius of the Circle. 
. Radius of a Circle is half its Diameter, or any Right line 
4 from the Center to the Periphery, as AB. 


&. A Chord-line is drawn from one End of an Arch to the 


other; as EDF, or EB, are Chord-lines. 


5. A r is half a Chord-line of double the N 428 
£1) (being half the Chord EDF) is a Sine: line of the Arch BE, 


ad DF ig a Sine-line of the Arch BF. 
b. F'orſed Sine- Line is between the Sine-line and the Pariphizy, 
8 DB is a Verſed dine of the Arch BE equal to BF. 


7. Tan- 


: pts s * 


* * 
TOW 57> TORT RO” 
2s — — — fg . — — 
_—_ 


Arch BE. 
deg. are required? Plate 1. Figure 13. 


two Diameters HAB and IAG; then is BG equal to GH, 
equal to HI, equal to IB, equal to go degrees. Fr, 


EF, to cut the Diameter HAB in D. 


the Secant Line of the ſame Arch BE, equal to 45 deg. 


Legs: as Leg AB, and Leg 
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7. Jungeni toucheth the Periphery, and is perpendicular to a 
Diameter in the touch Punct, as BC is a Tangent Line of the 
8. Secant cutteth the Petiphery, being drawn from the Center 
"till it meet the Tangent, as AC is a Secant of the Arch BE. 
Example. The Chord, Sine, Tangent, and Secant of 43 


4 


1. With any Diſtance (and one Foot on A) deſcribe the | 
Periphery HIBG. . 


2. Quarter the Periphery (by Problem 8.) by drawing the 


3. Divide (by Problem 2.) BI into two equal Parts in E, 
and then BE equal to EI, is equal to 45 degrees. 


4. Make BF equal to BE, and draw the Lines BE, and 


F. At B (by Problem 3.) erect. BC perpendicular to the 
Diameter HAB; or draw (by Problem 1.) BC parallel to the 
767 Ts 

6. By A and E draw a Line to cut BC in C, and it's done. 
Then the Line BE is the Chord of 45 deg. the Line EDF 
the Chord of godeg. the Line ED equal to DF, the Sine 0 
45 deg. DB the verſed Sine, BC the Tangent Line, and AC 


This Problem is the Ground-work of the Line of Rumbs; 
Chords, Sines, Tangents, Secants, Sc. Set on Ruters called 


Scales: As alſo of the Degrees on the Quadrant or Croſs-Staff, 
and other Matherhatic Inſtruments. . 


But its chief Uſe is in a Right Angled Triangle, as ſhall be 


_ thewed in Trigonometry, when I come to explain the fiſt 


Axiom in making any fide Radius, ſee Chapter 2. Section 2. 


in page 36. 


: Of Triangles, the 2d Kind of Plain Figures. 3 
Definition 1. A Triangle is any three corner'd Figure, having 
three Sides and three Angles, as ABC; and in Reſpect of its An- 


gles, is either Rectangular or Obliquangular. Plate x. Fig. 14: 


2.4 Right- Angle-Triangle hath one Right- Angle ; in its ma- 
king hath a Perpendicular erected, or let fall, as ABC. 
3- Thoſe Sides comming the Right-Angle, are called 
C. Plate 1. Figure 14. 
4. The Side oppoſite to the Right Angle is called the Hypo- 
tenuſe: as AC, Plate 1. Figure 14. Prob. X. 


alled 
Iypo- 


b. X. 


. 


— 


Sect. II.  Prafiical Caupeny: 


ee 
Prob. X. To make a R bt Angle Triangle, tht  Hiypotemuſe 
aud one Angle givin, 
Note 1. The three Angles of every Plain Triangle (together) 
are equal to 180 Degrees. 
2. To make a Right Angle Triangle, two Things, (a | 
the Right Angle) Wo one a' pins * w 0 . 
tenuſe 40 1 eet e 
Example. The 3 ps BAC 24d, 1 5 £ giren. 
With them to make a Right Angle Triangle is required 


Plate 1. Fig. 15. 


1. Make the Angle BAC equal to id. zom. (by Prob. g. 
Examp. 2.) that is take a Chord of ard with one_Foot 


on A, draw an Arch, and on that Arch lay the Chord of 10 


zom. drawing AB and AC, which includes the Avgle B 
equal to 34d. Kae 

2. Make AQ equal to 137 Feet; that is, from any Sale 
of equal Parts take 137, and lay it from A to C. 


3. From. C (by Prob. 4.) let fall the Perpendicular BC, to 
cut the Line 4B in By and it's done. RE 0 


Prob. XI. Ti 0 make a Right angle Triangle ; the Hypo \ 
n one Leg given. 8 


Eres. The n 40 411 py Petchis given. 


With them to. make 2 Right Angle Triangle, is required; 
Plate 1. Fig. 16. 
i: Make AB equal to 342 Perches, that i is, from any Scale 


*. 
* 


ef equal Parts 2 342, and lo it from 4 to B. 


2. At B (by Prob. 3) erect a Perpendicular BC, 
2. With 11 Perches : (That is; take 4tr from the ſame 


Scale of equal Parts, the 342 was taken) and with one Foot in 
A, cut the Perpendicular in C. 


4. From 4 to 0 draw a Line, and it's done. 


Prob, XII. 75 nale a Right. lub Trial; tie er ond. 


dne Angle given. 


Leg AB 415 ne 


Triangle 13 reqireds 1 


Wich oy to make a Right Angle 
Plate 1. Fig. 17. 


1 Make 4B equal to 415 Mikes, + that is from. any * 


0 —— | 
7 * ” 
„ . » v | * * * * N N ” 


wo 


a 


2 nen TJ EB 


— [Ox 2 


Pr 


Oy” wg a rc rg” N er * n * 3 _ 


* —— * 2 - * * 
** 4 os 2 "" * y 1 '3 
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FJou'll conclude the Angle BCD 114 Degrees, 


ann 


ON 
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Hh take 415, and lay it from A to B. And at B 
in page 12, gar hey gen BC. 


1 Prob. 5. (Example 2.) in page 13, make the i 
Angle 'BACequi to 40d. 25m, (which is thus ; take a Chord i 
of 60d. and with one Foot on A, draw an Arch, on which 


Arch lay the * of 40d, 25m.) * . the Line os 
and it's done. 


PR O B. xm 7 mule a Right Angle ri, the Ley = 


given. 


1 The Leg $4 BC F404 Leagies given. 


Wich them to make a Right-Angle Triangle, is required. 
Plate 1. Fig. 18. 
I. Make AB equal to 404 Leagues, And at B (by Prob. 3. 
in page 12, erect a Perpendicular BC. 
2. Upon the Perpendicular, make BC equal to 328 League, 
and from A to C draw a Line and it's done. 
Of Obligue-angle Triangles. 

Definition 1. An Oblique Triangle hath three Oblique An- 
gles and is either an Obtuſe or an Acute Triangle. 

2. An Obtuſe Triangle hath one Obtuſe Angle, that i is, one 


ANG as BCD. Plate 1. Pig. 19. 


3. An Acute Triangle hath all its three Angles Acute; that 


is, each Angle is leſs than god. as EFG. Plate 1. Fig. 19. 


Mete; To make an Oblique Triangle, tee things, (and 
one of them a vide) muſt be given. 


Prob. XIV. To make an Ob ligue Triangle, two Arle ond ont 
e r 
2 The 9 Angle 2 BDC 26d. 40m. — Lern | 
: Side BC 352 Miles 
£ "p them to make an Oblique Triangle is required. Platt 
1. if, 19. | 
1. Make BC equal to 352 Miles. And at C (by Prob. 5. | 


gs 3.) in pages 13 and 14. make the Angle BCD equa 


1149, by drawing the Line CD : That is, take a Chord of 


be 2 and with one Foot on C, draw an Arch, on that Arch 
lay the Chord of 114d. by taking its half 57d. and laying it 


twice on the Arch, by which draw the Line CD, thereby 


Add 


— 
8 * 
2 _ 1 


Sect. II. Prafica Gromttry: 8 14 
2. Add 114d. and 26d. 40m. it's 140d. 40m. the Sum 4 the 


iven Angles. Which ſubtract from 180d. oom. m. the Sum of the 


hree Angles. 
Remainder is the Angle 9 30d. 20ũm. T5 

3- At B (by Prob. 5. Examp. 2.) in Page 13. make Gio 
Angle CBD equal to 25 20m. by drawing the Line DB: 


That is, with a Chord of 60d. and one Foot on B, draw an 
Arch, on that Arch lay the Chord of 39d. 2om. by which 


draw the Line BD, and it's done. 


Frob. XV. 85 make an Oblique Triangle, two Sides s 


one Angle oppoſite given. 


BC 42 Fg 
Exam. Thed ) Side 2 BD 4 a Caen, | 
| Angle BCD 1064 30m. 


With them to make an Oblique Triangle is required, 
Plate 1. Ng. 20. 


1. Make BC equal to 274 Miles, and at C (by Problem $6 


Example 3.) in Pages 13 and 14. make the Angle BCD equal 


to togd. 30m. by drawing the Line CD. 


2. With 426 Miles and one Foot in B, cut the Line CD 


in D, wi br BA ee es. 


Prob. XVI. To mak: an Oblique Triangle, two Sides, aud. 


n . 
327 2 3 

vn Exam, . Iu D 274 5 fert >given. | 

Angle CBD 101d. om. * 


With them to make an Oblique Triangle is required 
Plate 1. Fig. 21. 


bs Make the Side BC equal to 327 Feet. And at B (by 


Problem 5. Fo" 3-) in Pages 13 and 14. make the Angle 


_ ual to 101 2 by drawing the Line BD. 


ke BD equal to 274 Feet ; and by C and D draw 
Line, and it's done. 


Prob. XVII. To make an Oblique Triangle, three fides given. 


Note, Any two Sides muſt be greater than the: 9 hid, da 
make a T. 


858 1 525 


With mm to on _ Oblique Triangle is required 
FOR t. Fig. 22. 
Make BD equal to 525 Leauges. Then with 424 
* and one Foot in B draw an Arch C, 
TT 2. With 
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Chap. I. 
2. With 250 Leagues, and one Foot in D, cut 10 Arch in 
©, and from Ciraw Lines to B, and D, and it's done. 


| 1 3 


Sec. 11 Of Prop tiers for the ready Mneefuring of unf 


and Solids... 


H Aung ſnewed how ts make the moſt common and uleftl 
Geometrical Figures, I now proceed to their (and others) 


15 Menſuration, by exact and eaſy Rules. 


Now to prevent the Book ſwelling too great, I' not trouble 


you with Arithmetic Calculation, but preſent you with am in- 


ſtrumental way of Operation, that's quick and true, eaſy and 
ready on Gunter*s-Scale, an Inſtrument ſo very well known, 
it needs the leſs Deſcription : only to avoid IN taks 
this excellent Rule, 


4 Caurel Rul * Gunter' Scale 


* Kitend the Compaſſes from the firſt Term (in a Geoniteric | 
Proportion) to the ſecond ; that Extent (if rightly laid) from the 


third, will reach to the fourth Term, or thing required. 
This Rule well minded, will make what follows appear eaſy, 


and fave many Words and much Time; and therefore to explain 
it, take this Proportion. 


As 2 is to 6, ſos 5to 155 which I ſhorten thus 3 

As 2. 6: 5 e 15. 
The Extent (on the Ling # Numbers) from 2 unto 6, (ac- 
cording to the Jaid General Rule) will reach from 5 unto, 15, 
The fourth Term and Thing required,  ' 

Theſe Words may be ae, by the ſhort way of writing the 
Proportion and minding the Order of the Terms, as in the 


Problems following. But for a full Explahation of tht 


Gunter, and how to work any Proportion by it, fee my Addition: to 


Mr. WAK EL E Ys e COMPASS 


RECTIFIED. Page 181, &c. 


? Prob. * VII. The Diameter of a Circle giver 3 fot. 


Ras Periphery. 
8 Diameter 5 Periphey 


L 3: 14159 
Example. The Diameter 3 EE What is the Periphery ? 
Anſw. Inches 106.8 Tes of an Inch, For, 


5 3 17 3:14159 $* If 1 


nk LS 


= PONY 


BEEN SIT ESD DTD DS I Wb 7 5 e . Seq, LL EL c 
EET SN nr Yor DB md , 
— n eee en 2 d S en. n Dr _ 
E GIS 23255 e bm 8 I TRE FEE ITO 55 EL gh Rey JOE 1 n 5 * 8 — 9 
66 NN * — 0 * 4. GOIN as YEN I TOR LE n r 


Fest. M. 


22 4 — 
The Rult. As 55 25855 — 
0. * 


The Rate 228 1. Find the Diameter by Prob. 19. A 


on nſw. 8 38.5 


| Yards, Sc. then the Area is Inches, 


" Praflica Geometry: „„ 


Thats, the Extent of the Compaſſes, (on the Ling of Num- 
bers ) from 7 to 22, or from 1 to 3.14, £c. will reach from 
3 24 Wees < 1 ob. 8 neareſt. Obſerye the like i in all, the reſt. 


Prob. XIX. By the 287 to ng the Diandter. 


* 


* 


2 5 
Example. The Periphery Inches 106.8 Tenths, what j is "be 


Diameter, Anfiver, Inches 34. For 22-- 5 bes 4068 


Ahe, Bp Diameter required, Sy 


2 


P rob, XX, The Diameter of a Circ given; 5 t ta its a", 


The Rule, 4 I, Find its \Periphery by Prob. 18. Tuben fay, © 


As 1. 4 Diameter : : Periphery · Area. 
Example... be Diameter 14 Inches ; 3 What is its Ajea? 
Anſw. 1 : 4 Inches. + F 
By Pro 18. The Diameter bein ng. 14, the Periphery is 44 


Inches, and by the Rule it is thus: 


As 1.7 22 154 Inches, che Area, or Content r 
Prob. XXI. By the Periphery to fond the Area. % | by P 


The, Area is found by Prob. 20. 
'Examd le. The F 23: Inches : 4 What 15 "the Area? 
enths. 

The Feriphery 22 Inches, the, Na is x Indhes, by 


Prob. 19. FTIBTS 


And by Prob. 20, it is thus, As 1 * 5.3 $43 : nt - 5 - Inches 
38.5, hy Area required. oy 
| Note, The Area is of the fame W with. de- Di ben 
taken: That is, if the Diameter or IP phery be Inches, et, or 
Ar, A gd Yards, Sc. 70 


Prob. XXII. 25 dure the Arp: er. 3 of any thing fat 
In Inches, to "Pet ; or LLP ger, or Wine Gallons. 23 


iz th Rule for, Fret; rute 1 5 ae, Area in Feet, 


2. Rule for 282 "Beer 2 Gab. 
Gallo, 9 1 17 Aren e r Mine S lons. 


This needs no 2 and to avoid the firſt Rule, take 


me Dimenſions in Foot-meaſure 3 3 that is, 12 Inches, or a Foot 


B * e divided 


end. — Damen. 5 


—_— 
x > — 2 Fe —_ ——— 
En 222 


a 
*. 
1 * 
* \ 8 
4 Go | p 2 
— — — 2 


„ 


5 Prob. XXIII. The Diameter, or Periphery of a Cirete given, 
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| divided Decimally: That is, into 100 equal Part called | 
the Line of 8 


to 18 the fide of the inſerib' d ſquare, or the Chord of 
go deg. 


The Rule, As 1. 707 Gl 5 ea 3 As of the in- 


2 Square, or Chord of god. required. 

 Examp. The Diameter of a Circle being Feet 3-4 ( Teniths; 

What is the Side of the inſcribed Square, or the Chord of 

90 degrees? Anfw. Feet 2. 4038 parts of 1oᷣ. 
For; As 1. 0.707 :: 3.4 -+ 2.4038 the Chord of go deg 7 

or Side of the inſcribed Square. 


Prob. X XIV. The Baje and Perpendicular of a Trig 
given; to find its Ares, 
We Rule. As 1. 3 Baſe: : Perpendicular . Area required, 
hy The Baſe 16 Inches, and the Per ra 12 
Inches given; 1 demand thy, Bam. Anfiv. g6 In 
For; As 1. 8: an 
Prob. XXV. The Tous and Breadth of a — 
given; to fnd its Area. 48 
Defrrition 1. A Quadrangle hath four Angles, - and four 
Sides as ABCD; and is either a Parallelogram or a Trape- 
zia. Plate 1. Fig. 23. 
2. A Parallaleram hath its oppoſite fides Parallel and 
| equal, as ABCD; and is either a Square, a Long-ſquare, a 
Rhombus, or Rhomboide; the firſt two are Rectangled Paral- 
9 0 „ the latter are Obliquangled gry ny 
8 3. A Squore oy four equal Sides, and four equal Ar 
4. A e Bad. Fath but two Sides equal, and four 
equal Angles ; As EFGH.. Fig. 24. 
s. A Rhombns, hath four Mew Sides, and but two oppo- 
Sie Angles equal; as IKLM. Fig. 25. 
6. A Rhomboide, - bath only two o ppoſite lides, and two 
_ oppoſite Angles equal; as NOPQ. Fig. 26. 
| Note, The Breadth of the two laſt is not IM nor NQ; 
but the Perpendicular MN, and QR, and to meaſure all 
Parallelograms, obſerve this General Rull. 


A! 1. n: — ; Ares require. 55 


| bs. 


Sed. Ul. Profiical Genen 1 
|  Examp. 1. A Square whoſe Length A B, and Breadth BC, 


ah is Feet 2.5 _ W hat 1 is ng Area? _ Feet 6. 25 
Examp. 2. A Long-ſquare, Hits F. is fert 2. 5. 


ad Breadth FG is Feet 1.6: What is the Area? Iſo Te 
For; As 1 „ 1.6 :: 2.5 4 Feet the Area. Plate 1. Fig. 24. 


 Examp. 3. A Rhognbue whoſe Length I K js Feet 2.5, and 
Biæadth FR Feet 1.6: had is the Area? Anfw. Feet 4. 


For; * 1 . 1.6 2.5 4 Feet the Area required. 


Exon. 4. A Rhomboide whoſe Length N O is Feet 25, : 


and Breadth Wi bas 12. What is its Area? - Anfiv. 201 
For, As 1 80 300 Feet the Area required, = 
Plate 1. Fi. 26, 


Prob. XXVI. The Diagonal and twa Perpendicular; of 4 


Trapexia given ; to find its Arca. 


Defnition 1. A Hanes, hab fides and its © 


oppoſite Angles as ABCD. Plate r. Fig. 27. 


2. The Diagona . Los deen rom in oppoſe a5. 


gles; as AC. 
3. The two Perpendiculars, are let fall from the e Angles 
io the Diagonal; as BE, and DF. * 
The Area of a Trapezia, is found by this Rub. - 
As 1. & Diagonal :: Sum of the Perpendiculars . . Area f 


Examp. The. Diagonal AC 28 Feet: be Perpendicular BE 
35 Feet; and DF 12 Feet: What's it's Area? Auf. 378 Feet. 


For; As 1. 4 27 ++ e the Alun ee 
Plate 1. Fig 


2 5, 
Prob. XXVAL 3 The Length and Breadth of an E ls 0 


i * an Oval given, to find the Area. 
The Rule, 


„ | Breadth : Length · 4th Number : then ay again, 


403 Tr p* : : 4th Number. Area required. 
Tranſverſe Diameter of an Ellipfis 12 Feet, and 


Conjugate nes ; 1 What's the Area? An. Feet 75m 


3 o, 22 96 the Fourth Number. 


15 Feet 75. 4 the Area r 
Prot. XxX Ken To find the — 47 4 Parabola. 


De Rule, A x: 75 : Double Ordinate.. 4th Number; | 


Then, fay : 4th Number · Area re 
Exam & bo HR] 


Ordnate 2 Feet. What's W Area? eee 0 Feet. 


Parabola 9 Feet, and the Double | 


08s ; 


Plate 1. Fig. 25. IT | 


* : 4 
e - 2 . 


% 


24. a Probiicat Ea. | ee Y 


For, —As x 9 2895 72 the 4th Wb Wa 
And then, — As Ze 23572 48 Feet the Area cord. bl 


Seck. IV. Of gel, the third Kind of Magnitude. 


Definition, A Solid hath Length, Breadth and Depth; and if 
Divnded by one Superficies, is either a Sphere, or; a Spheriod 3 
but bounded by more than one Superficies is either a Pri/m, a 
Pyramid, à Priſnoid, or a Hadi z or com Poe of 
the laſt, 50 a Spindle - | 


Prob. * x. The Diameter. ey a iber x ao, 15 ford the 
. Solid Content. 

De Hater, A | A Spher e Or. Globe is à round Solid, whoſe 
12087 Breadth and Depth, iS ike Koons being made 
by the Rotation or moving of a Semi- circle about its Derr 3 
whoſe Solid Content is found by this . 


0. 3 ph Ys Cube of Dünn. | : Cont, required. 


Example. A Sphere whoſe Diameter is Feet 2.42 Parts: - 


Wr s the Solid Content? Auſiver, Feet. 1.4.3 Parts of 100. 


* 


For; —As 1 2.42: 2 2 5.30 86 the'Cubs 
MN Phanictet 4 Then | Ly Feet 2 


en { 1A 
F< 4 


APR. 45 7. 1417+ 7:43 the began requires 

In ſuch Caſes 4 v7 the readieſt Way is to extend the | 
Compaſſes from the firſt Term to the third Term; and that 
being turned over three Times from the ſebond Term, will 
reach the Thing required. 

As here, the Extent from x 1 to Feet 2.42, the Diameter, 
turned three Times from o. A, Sc. reacheth to Fe cet 7-43 
Parts of 100, the Content required. For it's thus; 5 ; 
Foe 2:43.55 0-524 7- $427 5 5 0:2 «+ 3-07 1: 3.0 7485 that is 

The Extent from 1 to 24, (on the Line o / Nunbers) ;Þ wil 


reach from o. 524 to 1,27 3 and the ſame Extent will reach 


from 1.27 to 3.07; and the fame Extent mots 3:07 reacheth 
to Feet 7.43 Parts of 100. : 


Prob, XX X. The Diameters afa a Stberind given: ; t fad js 
* Solid Content. „ l i 


Dofuition. A Shberied, 's an Oval Solid, longer than it 
is broad or deep z being made by the "Rotation of a Semi- 


Elhpfis about its Diameter; the . Content is found Nl 


9 
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: | Seck. Iv. e Prattica Geo metry. IMS 25 ; 


Ker. Square of Depth:: Length. 3 i Num. then y, 


A5 7 "IF? 4% 7 th : :4th Number · Content required. 


555 Example. A Spberiod whoſe _ 
Length or Tranſrerſe 7. 2 
Dej rh or Conjugate. {Diamerris Inches 1 8 
hat's the Solid Content ? Anfwo. 1 Inches 5 4 Tenths. 


For it's; As f.: Square 4.1: : 9,2 -» 121 3 here the Extent | 
5 r to 4. t is turned twice from 7 1, and it reacheth to 121. 


hen ſay, 


| | RE 21 is eds 955 12 SY Inches 63.4 Tentla, the x 


8.524 Content requited, 
Or öde ; As . 4.1: 0.524. 2.1 5: 2.15. 8.81 
That is, the Extent on the Lize of Numbers from 1 to 4-1 wit 
reach from 0.524 to 2.15; and the fame Extent from 2.15 to 
5 8.84. Parts of 100. 


Then; As 1. 8.81: KY, 2 . 63.4 3 That is the Extent 


W from « to 8.87, will reach from 72 to Tnches 634 Tenths, 


the Solid Content required. 


. XXI. The Dina, 7 F Prin baer; t bee th 


Solid Content. 5 


Definition x. A Prifm, is a Strait Solid, whoſe two Baſes 
er Ends, are equal, parallel, 'a-like, and a-like ſituate. 
2. A Priſm, takes its. Sir-Name from it's Baſe ; as a Round 


Prim, a ez a Quadrangular, or a Multangular: Prin. | 


are meaſured by this one General Rule. 
01 Area of one Baſe:: Length +- Solid. Content. 


Damcter at each End is — 2 . 
And Length 1 18 —— ache . TIT 
| Whit's the Solid Content? . 2 Inhes. 


the Area of its Baſe is found dy Prob. 30. to be Inches 346. 4 
27 Then it ij, 


346.4: : 30 10302 Inches, the Solid Content req. 


Ellipiis, their 


Tranſverſe 
Conjug ate } Diameter is 755 . Inches given. 
Length of the Solid is —30. | 


_ What's the Solid Content? Afi, Inches 2262. For 


Promp. I. A Round Priſm,'called by ſome a Made, Whoſe 


A Cylinders two Baſes are two equal ircles, and therefore 


al 2. An Elliptic Priſm, whoſe Baſes are equal 


4 
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| For its Baſe being an Ellipſis, the. Area by Prob. 27. if 
Inches 75.4; and then it , | 
As 1-: 75.4: : 30. 2262 Inches the ſolid Content required, = - 
Lr * Triangular Priſm, w hoſe Baſes are two 
0. 4 es, in each of which | gs ; 
ſe—— — 2; 
þ The erpendicular Lis 541 2: Fhches! . 
1 = And the 2 th of the Solid is 20 Inches. 
_ What's the 80 0 Content ? Auſiv. Inches 1920. 1 
The Area of the Baſe (by red. 24) in P age 22, is 96 5 
Inches: and then it N 9 
A1. 96: : 20 1920 Inches, Sali Content required. : 
 Examp. 4. A Cu e (which is a Quadrangle Priſm, of 
| equal Length, Breadth and Depth, being cloathed with ſu 
1 equal Squares) each Side being ches 12; What's the Solid 
ö Content Anfiv. Inches 1728. % 
For, As 1. Square of 12::12--1728: That i is, the ex- 
tent from 1 to 12, turned over two times from 12, reach. 
1 eth do Inches 1728 the Solid Content required. 
. Examp. 5. A Parallelepepidon, or a Quadrangle Prim, 
[- gow Baſes are two equal Squares, of each, . 
ide 


9 1 
N Tis Feet 4 1. 05 | Parts or 100 given. | 


What's the Solid Content? Anfiv. Feet 33. 9 Tenths. 
For, As 1. . Square of 1.25: : 21.75. Feet 33.9: chat i 
me Extent from 1 to 1. 25, being turned two times from 21.7 
will reach to Feet 33-9: 9. the Solid Content required. 
Eaamp. 6. A Parallelepepidon, or a Quadrangte pin, 
Whoſe Baſes are two equal Long - Squares, in each, 
| The Breadth 8 —1 6 
Depth is 2. ren given. 
And Ln of the Solid 15.5 3 
What's the Solid Content ? Auſiu. feet on. +; 
For it is, As 1-+ 1.6: 2.5 -- 4 Feet, the Area of the Baſe, 
Then, as 1. 4: 15:5 ++ . 62 Feet, Solid Content * 
In the like manner may the Solid Content of any Priſm 
be found, let its Baſe be of what Form ſoever; for its Area 
may be found by Prab. 20, 21, 22, 23, 24, 25, 20, OT 27, 
and the Solid Content of the Prim, by the general Rule in 
Problem the 31ſt. Prob 


———— Se 0p — 


Prob. XX XII. The Dimenſions of a Pyramid given; fo find 
1 the Solid Content. 

Definitions. 1. A Pyramid is a Strait Solid, having one 
Boſe, and Yother end a Punct, called me Vortex. wy 
2. A Pyramid, takes its Sir-name from its Ba/e; as a Round, 
Wn Elliptic, a Triangular, a Quadrangular, or a yn af 
„ Prromid; all are meaſured b y 2 one General Rule. 

W +: 3.. Area of Baſe: : Length .. Solid Content. 

Note; By IT underſtand a Perpendicular from the 


is Surface or outhde from Vertex to Baſe.. _ 
Exam. A Round Pyramid, called by ſome a Cont, whoſe | 


Diameter at Baſe — 21 
Perpendicular Length 3 0 Fed hes g ven. 


IWiars the Solid Content? Aale. 3465 Inches. „ 
For the Area of the ys is Inches 346 x by Prob. 20. 

a And, ; 

. Then; As = 85 155 39+ 5 346 5 Inches, which is the 

Fm 2 redet 


The like do for any other Pyramid, pg I paſs over, 
waving given Six Exanples in a Prijm, and leave you. 0. 
apply them here. 
Prob. XXXIII. De - Dintenſi ons. of 4 Prifmoid given ; ; 7% 
Find its Solid Content. 

Defnition I. A Prifmoid | is a' Strait Solid having two une- 
qual Baſes or Ends, but are parallel, like, and a-like fituate. 
2. A Prifmoid, is as various as 4 Prifin, and is no other 
than the Fruſtum of. a Pyramid. 
3. Fruftum of a Pyramid, is the lower Part of it, when 
the upper Part is cut off parallel to the Baſe ; and all of 
them may be meaſured by this General Rule. 

1. Mult ply. the Area of each. Baſe together, and from 
the Product extract the Square Root, 

2, Add the Ara of + rac Boſe, and that $ quare Net i into 
Do dum; 3 . 42 

J Say, As 3+ .. that Jum: Longed ” Sokd Content. 

But for a Square Priſmoid, take this Particular Rule. 

I, To the Square of each ſide, add the Product of the 
ſider into one Sum : Then, | 
Soy, As 3-- that Sum : * Length -- Solid Content. 
Ang for a Round ' Prijmoid, this! is the Rule, 


0b. wt 
1, Add 


a. lv. Practical Geometry. © 27 


E Vertex to the Baſe 3 and not the Length of the Pyramid on 


* 


” 8. 
* n * e o vos Ub wie ly. at. - — 


x, Add the Square of each Dame, and the Product p | 


hens i the Length to the'Solid © 


the two Diameters into one Sum: And then, | 
2. Say, As 3:82 :-that Sum: Are o« {\. Salid. Content. 
Or more largely thus; As 3 8197s 18 en ene 6 Sum | 


| Exaniyhe 7. 4 Square 2 0 on: . rue . . re : 
Pyromid [) whoſt- © 3 


Grit \Side is Inches 5) 


techs pea 6 
Perpendicular Length x 
What 's the ana ontent ? = 364 $820 Beh 


27% op "ns 225 Square. 15 
1 3315 Fe 2 81 I | 
4 125 Product 
Sum wy the two 8 ail Product 441 4% Inches; ; p 
. As 3 * 260 8820 bebe, the Solid Conte | 
requ . 

a 2. 4 round Prijuid, (or the Pris 7 4 Cj | 
Wy. „ 1 1.115 B 
1 n 1.5 ng a 1 fi 

Le $1 Diameter * = Ire cet given. WW & 
; 3 Length i is — "IE, 
What's the eng Content? . bete 69,5. fi 
| of 8 e 2.25 Gude. m 
rot; 5 4 As 2 0 COMES . 0 
1.35 Product, 
= — e 0 W 
„ N 
Then, As wer lr DINE! on 9.9 Nen the I 
; Cement. Wu „ g K 


Example 3. 3 5 ligei: Print, er . we, 1 a 
Elliptic Cone, "whoſe | 
Greateſt Diameter at Top, ne 7 5. ; * 0 1 
Leaſt Diameter at To 3 
Greateſt Diameter at Bottom ARE) Ten 
Leaſt Diameter at Bottom 5 * 
Perpendicular Leagth—inebes 170 * 


What's the Solid Content? Avſiu. Ae, 4 lacks, rotz 
rea of 1 op Long Square. 
As 1 * 58 N 5 = $37: 5 8 


5 50.46 Area of Bottom Ditto. 
. 378 15 8 46. * 5585 whoſe Square Root i IS—43:5 
7 Area at Top- 37-5 
4 BP Str wrath 5 Ares at Bottom 50.46 


| sum h 131.46 
Then; Aa T 131.46: PI T 1617.4 Inches 1s the 


Solid Content required. 


It the Baſes of the forefaid Priſmoid had been long Squares the 


Work is the ſame, except only in the laſt Proportion; and 


: having the ſame Dimenſions, its Solid Content! is Inches N 755 


oer near: For it is thus; 
As 3 131 4. 47 2059. Inches che Solid Content. 


Prob. X . . The Dimenþ ons of a. Pyremidoii eiuer; ; 1 


a 5 Ind its Solid Content. 


iin 1. A Pyramidoid is not a frait Solid, it b 


Baſe, and Yother End a Punct called the Vertex, but the out- 


0 ade from Baſe to Vertex, is Convex, either Spheriodic, Para- 


bolic, or Hyperbolic, c. 


2. A Pyramidbid, takes its Sir-name from its Baſe ad out- 


bc s a Spheriodic, Parabolic, or Hyperbolic Round 
midoid; and ſo of the reſt, as in a Pyramid 3 all may be meas 

{t ure by this one general Rule. 

5 Aa 1.5 — Area of the Baſe :: Length +. Solid Content, 

a Spheriodical Pyramidoid; r 


1 rabolic 92. 
oli iyperbolic T the i firſt Term . 2.4 1 
tans, | A. Round Pyramidoid, called Ti fo 4 . "ies 
| Diameter at the Baſe : 
8 N 5030 
What's the Solid W if mu" 9 { 6930 5 
rbolic 4331.2 
Ie Area of the Baſe i iS Inches 1 46:5 Tenths, by Prob. 20. 
And then it's, 


5 C6930 Spheriodical ) Sold 

52. > 66 . 1:30 3319.5 Parabolical 7 Cont. in 
C44 | | 7331. 2 Hyperbolical eee 

ore 
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many in a Prilm, and the Rule for this and that being {0 ] 


mideid, whoſe 
8 Side at Top — 


0 2 Squares 76 Inches, and the Product of ite 
two Sides. 


What's it's Solid Content? fie. 1433 Inches. Bo 


* 


More Examples I think here needleſs, having 


a like 


Prob. XXXV. The Demenſio 4% of the PFruftum of p Pars. . 


lie Pyramidoid given; to find the Solid Content, 


-- Definition. Fruſium, is the lower Part of a Pyramid F 
cut oo to its Baſe. , 2 


3 7 Curt Rule. 


This is the fame with the Genera! Rule for a Prifmoid, fo : 


only in the third Precept, which in this Caſe is thus, 
As 2 that Sum : : Length. Solid Content required. 


But for the Fruſtum of a Square Parabolic Pyramide id, ; 
take this particular Rule. i 
1. To the Square of the greateſt fide, add the Square oi 


the leaſt Side into one Sum : As. 


2. Say, As 2 ++ that Sum: : Length . Solid Content required, : 


And for a Round Pruflum, that th | Farabolic, the Rule is ; 


x. Add the Square of each Diameter into one Sum ; Then, : 


we Say as 2.546 · that Sum : : Length · Solid Content. 


Or more largely thus; As 2.54649, is to the forefil 
Sum; ſo is the Length to the Solid Content. 


Exanple 1. The Fraſtum of 4 \ Spain Parabolic Dyna 


4 
Side at Bottom is Inches 5 48e 
Perpendicular Th C48 
What's the Solid Content? Hnfiv. 1824 Inches, 
For; As 1--4 : : 4+ 16 the Square at Top, 
As 1++6 : : 6-+ 36 the Square at Bottom, 
As 1 4:6 24 the Product of the two vides, 


„Then fay; As 2 76: : 48 «- 1824 Inches, the Solid 
Content.. 


Examp. 2. The F cuſtum- of a Round Parabolic Pyrami | 
doid, (or the Fruſtum of a parabolic Conoid) whoſe 


Diameter at Top ————— 4 LED 
Diameter at Bottom —— 8 Inches Nen. 25 
Perpendicular Length 48 


Px 
2 2 


id | 


3 


s.. v. 


Practical Cade” 9 8 4 zr 
F As 1 4 : $4 
5 As 1.6 75 .. 36 theSquare at Bottom. | 
AS 1. 4 : 6 * 24 the Product of both Diameters. 


2 


Sum of the two Squares 76 Inches, the Product of both Diam, 
Then ay ; As 2.546 «+46: : 48 - 1433 Inches, the Solid Cont. 


u. The Application of the whole, in meafuring Board, 


als, Plaiſtering, Painting, Paving, and Land; Timber. 
and Stone ; Gauging Cast, and a Ship Hold. 


I. BO A RD or Plank, Glaſs, and flat Stone, are e meafured 

by the Foot Square, or Superficial Foot, containing 144 
Aenne Inches, or 12 times 12: So that to know how many 
Square Feet are contained in the Area, or Content of apy Su- 


71 perfices taken in Inches, the Proportion is this ; 


As 144 I: : Content i in Inches -- Content in · Feet. 
But the eaſieſt Way, 
Decimally into x00 nts... called Foot Meaſure; and by ſuch 


Foot to take the Dimenſions of the thing you would meaſure, 
or know the Content of in Feet, 


Tian le, Square, Long-ſquare, Ic. the Rules proper for ſuch 


That 15 2 


If the thing to be meaſured be a Circle, then Prob. 3 20 or 


24 gives a Rule to find the Area; if a Parallelogram Prob. 25 
hath a Rule to find its Area, whether it be a Square, a Long- 
quale, a Rhombus, or Rhomboide ; now Floors and Ceilings 
ol Houſes are generally Squares, or Long-Squares ; alſo Boank, 
Planks and flat Stones, are (commonly 
fquares : If a Trapezia, then Prob. 26 
ſure it: if it be an Elliplis, Prob. 27 hath a Rule for I 
meaſuring 3 and ſuch are oval Tables. And if the thing & be 
meaſured be a Parabola, then Prob. 28 ſheweth how to find 
its Area, 

* Plaiftering, Painting, and Paving, is meaſured by the 
Yard-Square, containing nine . e Feet; and therefore after 
you have found the Content in Feet; the Proportion is this ; 

_ 3 :: Content in Feet the Content in Yards. 


Solid 


16 the Square at Topp. 0 


2 Figure (in Sell. 3. of chis Chapter) direct to find the Area. ; 


3 Timber 1 is meaſured by the Cubic Foot, containing 1728 


is to have the Foot of 12 Inches divided 


Then confider, if the thing to be meaſured be a Circle, 


41 ſheweth how to find its Area; if its a Triangle, then Prob. 


Squares or Long- 
eweth how to mea- 


i a. Dads — 


32 Alenſuration of Board. Chap. I 
| Solid Inches: And when the Content of any Solid Body is 


| find its Solid Content, ſuch are Bullets, and 


it, all ſtrait pieces cf Timber or Stone, whoſe Ends ale ale O 
and equal, are meaſured. - 5 


v all Taper Timber, whether 


But Aasbetag the Dimetifions of a Solid by the aforeſaid Be: Z - 
cimal Foot, the Rules proper fot. it (in Se. 3. of this Chap.) a 


it, and ſuch is the half. of all Casks, if they were continued 
' from the Bung by the Head, till they end in a Point. 


har Rule for gauging a Cask, followeth in the next Problem. 


2 —_ 
1 s 
x 


known in Cubic Inches, to reduce them into Cubic Feet 
which is the er or Stone Foot, the Proportion is this: 
As 1728 . 1 : : Cubic Inches +: Solid Feet. 


2 Sphere, Priſm, &c. Finds the Solid Content in Feet. 
That ls, if it be a Sphere, then Prob. and G bath a Rule to 
Sranadoes ufd in 

great Guns, Mortars, or Bombs. - 
If a $pheriod, then Prob. zo. ſheweth the meaſuring of it, 
and ſuch are things in ſhape like an Egg, whoſe Ends are equal. 
If a Priſm; then Prob. 31. directs its Meaſurement; and hy 


If a Pyramid, then Prob. 32 ſhews the meaſuring it, and 
ſuch are Spire-Steeplgs, and all ſtrait Solids are þ ma Point a We 
” Ifa Priſmoid, then Prob. 33. direds its Meaſuring, and buck = 

ound or Square, 5 
If a Pyramidoid, then Prob. 34 ſheweth the Meafuting n 


If a Fruſtum of a Parabolic Pyramideid, then Prob. 35 
ſerves to meaſure it, and ſuch are Cioſ Caks, if cut in halves 
through the Bung, and parrallel to each Head; fo that by this 
Problem is taught the way of finding the half Content of a Cast, 
whoſe double is the whole Solid Content: But a more particu 
4. Land is meaſuted by the Rod or Pole, containing, in 


Length, Feet 165, and a Square Rod is Feet 2727 3 an Ace Bl N 
of Land containing 160 Square Rods. A 
| Now the readieſt way to caſt up the Content of Land ys | 
Acres, is to take the Dimenſions by a Four Pole Chain, Deci: - 
tally divided; (that is into 100 Links) then the Rules (i WW 
eli. 3. of this Chap.) proper to the Form of it, whether i Ml © 
Triangte, Square, Lotig-(quare, Rhombus, Rhomboide, 0! Þ 
Trapezia,) finds the Content in Square-Chains w ich " a 
turned to Acres thus; 
As 10 :; — Chains . Content m Acres. 
5. Gu N 


Jeck. V. e Ganging Casks, Ship's Hot. 33 
5 Canging | is by the Gallon, and that either Beer, contain- 


ing 282 Cubic Inches, or Wine 231 : Then to reduce Cubis 
inches into Gallons of either Kind, che Rule is; : 
Beer. 


| 3 5 1 8 :: Cubical Inches Gallons of J Wine 
co that the Dimenſions of any Solid Body taken in Inches, 
the proper Rules for that Body, finds its Content in Inches, 


1 3 and the Rule ab finds the Gallons ot * Or N it 
mn Fug: bold. e 


lem XXXVI. 6. To Gauz ge 0 4 taken, as the middle 
Frufium of 4 Spheriod. 


The Rule. 1. Add twice the Square of the Bung-Diameter, 
and once the Jquare of the Head, ino one Sum: Then tay, 

2. As 3.82 +- that Sum: : . Lengrd | 
on m Inches; and then the Gallons of Beer, or Wine are 
tound I the foregoing Rule. Or thus, | 
„ A8L + 0.7:: Difference of Head and Bung — 
3 Number. 

W - That 4th Number add to the Head Diameter, the Sum is 
Mean Diameter: Then fay, | 


(17.16 

Examp. 4 Cast whoſe Bung Diameter 23 = 

tlcad Diameter 

Length of the Ca 27.4 

WHIP s the Content thereof in eee or Wine Gallons # 
Auster. Beer Gallons 36.99, or Wine Gallons 45.5. 


Mean Wh 6 tO be 22.07. Then, 


145 : Gs T9 Square 22.07 : 227.4 + 1 36. „um ag! * X Gallons 


= turned over i om the Third, Lives the Gallons re- 
QUT ed. 


Proble; > XXXVII. 7. To meaſure 4 $his ; ; that i zs, to find her 
| Turnage 


* Rule. 1. Say a 28 1 Breadth: Half Breadth. Fourth 


117 * 
4445 r. 


C 2, Then 


r / A e 


.- Solid Content of che 


1 5 9 925 89. Mean. Diam.:: Length \ Boer . 8 


— 19.9 bree, given 
A 7. - 3. I. . 2, 17; which added 10 19. . makes the 


That 2 ; the Extent from the Firſt Farm to the Second, 


PF” ; = 
. — ne yp ne — . nh 


$4 * , - 4 — 
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r 4 © On rr A ws 4 Yd ul 8 
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D —— e RI 3 * 


Or thus, As 66 Ata Baſe: : Length -» Tuns required. 


| {45 * 2 
Example, A Bale whoſe < Depth 95 F Wy 6 given. 4 1 


learned. 


as ggg s dag xgagg gas Z sen 


34 Meaſuring of a Ship, a Bale, &. Chap. I. 


2. Then; As 94 · 4th Number: : Length · Tuns required. 1 | 


Examp. A Ship 5 Feet by the Keel, and ag Fre by ae : 
Beam : 1 $ her fine? Anfiv. 211 Tuns. | 


For As 1++23: 11.5. 264.5, 2 4th Number. II. 
Then, As 94 ++ 264-5: 75 211 Tuns required. ; 


8. 70 meofure Bales or Cafes, or t⸗ give the Tumage 1 I 
them; they are Priſms, and their Dimenſions taken by 
the Decimal Foot; the Centeut in Cubic Feet is . "| 3 
Prov, 335 And then fay, 


"to 66 1 : : Cubic Feeet -- Tuns required. 


Breadth 9 


Length 
What's the Content! in Tuns? Anſw. we Parts, Fot 
As. 1. 4.2: : 2.0 to. 92 Area of its Baſe : Then, 
As 66 10.92: 5.3 Tuns, 0.943 Parts required. 


Note, That 66 Feet is the Content of a Caſe that incloſeth 
two Engliſh Butts, fo that this Rule includes the Cantlings of 
the Cask, which is better than a third part ; therefore allowing 
the Cantlings or Vacancy to be 26 Feet, the remaining 40 Feet 

is to be counted for a Tun: And then, 

Then will the forefaid Bale contain Tun 1.556 parts, For, 

The Rule is, As 40 +- Area Baſe : : Length · Tuns required, 

As 40+» Area Baſe 10 92: Length 5.7 Tun 1.556 parts, 

So much for Geometry 3 1 en is next in Order to be 


Chap. II. Containing the Detirine of Plain T riangles. 


Ribu, is that part of Geemitry, which treats more 
particularly about the meaſuring of Triangles, heres 
having three things given; either Sides, Angles, or both; 
4th ( Side or Angle) may be found; and is either Plain : 
$pharic ; : It's the former we begin with, 
Sect, | 


A 


ca. [. ; Plain Trigonometry Refangular, 35 


section I. Of Things neceſſary to b&underſtond, relating to Plain | 
. Trigondmetry, | 


3 1. A Triangle, is any Three-comer'd Figure; it conliſteth | 
5 of fix Things, Three Sides and Three Angles, and | is 


eicher Plain or Spheric. 

2. 4 Plain Triangle is projected on a Plain or Flat Super- 
es, and therefore its Sides are wp ines: But the Sides of 1 
„ Saberic Triangle, are Arks of the Sphere, of which, more in i 


: 
— - — — ——— 
hy * — r 8 8 _ — 
: — - — cant 32 5 5 Cm "FE 4 m N 
is HP IL * mon gee Gees 
2 — > 8 3 4 


1 * of Spheric Triganometiy. | 1 
2 An Angle is the meeting of any two Lines, making A 1 
I Comer ; ; and is either a Right-angle, containing juſt go deg. "ff 
F un more than go ro. 4 called an Obtuſe-angle 3 K 1 
ben 2 deg. called an Acute-angle. „ 4 
. hen two Lines croſſing one another, make the Angles 1 


0. ny fide equal, then thoſe Angles are Right, and the =! 
Uses are Perpendicular. : EE 
= 5. A Degree, is the 36oth Part of -the Periphery of any | 
iche; the 4th Part go, is called a Quadrant, and the half | 
0, is a Semicircle: Alſo a Degree containeth 60 Min, and g 
Min. 60 Seconds, Sc. as in Prob. 9. Def. 1. of Ceometry, | 
page 15. - 5 
= 6. By Complement of any Number of Degrees, underſtand by 
_ thoſe Degrees want of go. 
. A Triangle, is either Right-angted, having one Right- 
D REP ; or Oblique, having no Right-Angle. 

= 5. in a Right-angle Triangle, the Side oppoſite to the Right- 
A = is called the Hypotenuſe, and the two Sides containing 
the Right-angle, are called Legs. 

9. In all Plain Triangles, the Sum of the three Angles added f 
8 together, are equal to 180 Degrees. 


|\ 70, The Angles (of a Plain Triangle) being only given, "RL | ö 
Froportion of the Sides can only be determined; there- 1 ö 
e, i 

i. In a Right-angled Triangle, two things given (i one 3.980 


v2 a Side) are ſufficient to find a third: But, 
12, In Oblique Triangles three things, and one of them al. 
Side, muſt be given, to find a Fourth, 

i;. Three Letters ſignify an Angle; as BAC fignify the Angle 
A: Ar 4 two Letters a Side ; as AB ſignify the Side AB, &c. 


55 Civen Things, whether Sides or Angles, are marked with 1 
*, thus ( 760 required Things, Wich a Cypher, thus, (L.) 1 

C 2 TH 5 

| i 


Fats. 4 3 


b — EI ape 4 Fe ets 
— — et eats, 31/2 af xc 6 raft rad # ue tes Bi a RR 1a 4H 


lA OE nas, 
* „ 


ug, — 


2 


9 Ar. 


1. | 
7 
5 


Triangles. 


Sines, Tangents, or Secants; That is, 

oppoſite Angle, See Plate 2, Fig. 1. for the firſt Axiom. 
other Leg is Tangent of the Angle oppohite to this Les. See 
the ſame hath the other Sides, to the Sines, Tangents, or &. 
cants by them repreſented; and tlie contrary... And, 


thus; 


Radius. - Then fay, 


a) 


25 Trigononietrical Definitions, Chap, nl I 
15. i 0 after any Number ſigniſies 4 TR Fn: IF 
25d. is 25 Degrees, and 21m. is 31 Minutes. 
8. Sine. 
| Sine Complement, or 185 
. 
Tangent Complement, or Co- Tang. 


tands My Secant. 
Secant Complement, or Co- Secant. 
Complement Arithmetical. 
is to, or to the 1 - 
Lion is; AS thus, 2 ++ 4: FI 5 6. 
That is, As 2 is to 4, to is 3 to 6. 3 
16. There ate ſeven Caſes in Right-angle Triangles, and Mo 1 
in Oblique. Their anten follows; but hurt of Right-anzi + 


Sec. 5 


Fr 


Section II. De First PER and the ſcven Cafes of Plat 
| Right-angle per RE thereon. 


Sides be ma ade . the ab pany two wil be ee 


1. If the Hypotenuſe be Radius, each pany is the Sine of ii 
2. If one Leg be Radius, the Hypotenuſe is Secant, and the 


Plate 2. Hg. 2. for the firſt Axiom. 7 
And What Proportion the Side made $6: Kath to Radius; 


Note 1. To Ray: A Side, any vide may. be Radius, ſaying 


As the Word on the Side given, is to the Side given; 
So is the Word on the Side required, to the Side required, 
Note 2. To find an Angle, one of the given Sides mult be 
As one given Side, is to the Word on it; 
80 is the other given Side, to the Word on it. 
Ohſcrye to begin with the Side made Radius. 
'Thefe two Notes (to the diligent Reader) are ſufficient t 
frames any Proportion by* the firſt Axiom, making any Side. of 


' Right-angle Triangle the Radius, 


Prob. J. 


2 II. Plain Trigonometry Rectangular. | | 37 


„ Caſe 1, The Angles, and Hypotenuje given; to 
find either of the Legs. 

Exam. In the Right Angle Triangle ABC. Plate 2. Fig. 1. 

"he 0 Hypo OE = en. * given: Leg. 8 7 oe; b T required 

This Triangle i is made by Prob. fo. of Grometry, in page 17. 

if you make the Hypotenuſe AC Radius, the Proportion by 


Aubin 1. and Vote 1.) is thus, 


As Radius, is to the Hypotenuſe AC; fo is "the Sine of the 


Angle BAC, to the Leg BC. Or thus briefly 3 ; 
Radins . Hypot. AC:: S. BAC. Leg BC. 8 
8. god. -- 124 Leag: : 544d. 3om «- 


—— (AID ͤ ͤ — 


9.910686 
2.082785 


„ 1 * 


Leag. | 
| - Ft 093471 98.51 parts. 
To work Proportions by Logarithmms, obſerve this 


General Rule. Add the Logarithm of the Second and Third 
Term together; and from that Sum ſubtract the Logarithm of 
= the | arſt Term, the Remainder is the Logarichm of the fourth 
W deim, or Number ſought. np 
As in the foregoing Proportion, the Sum of the Logarithms of 
the Second and Third Term added together is 11.993471 
from which it is eaſy to ſubtract the Logarithm of the Pirſt Term 
being Radius) by cancelling (cutting off, or leaving out) the 


Figure to the Left-hand, and then it is 11.993471, which 


brings forth 98.8 1; that is, Leagues 98.51 Parts of 100 for 
the Leg BC, the Fourth Term, or Side required, = 


By Gunter's Scale, thus, 


yo 4 8. BAC BC. That! 1 

„ 99d. -- 121 Leag.: : 8. 54d. 20m. . Leag. 98.5 Tenths. 
That is to ſay, the Extent from Sine god. (on the Line of 

Lines) to 121 1 

from Sine 54d. zom. (on the ſame Sines) to Leagues 98. 5 


Tenths, (on the Line of.  Nambgrs) | for the Leg BC, nearly a8 
above. 


agues, (on the Line of Numbers) will reach 


2 bſerve the like in al that follows, except | in thoſe Pro- 


portions witfein is the Word Secant, which is wrought only 
by U t2 Logarithms, | | 


Tix three ſeveral Praportions making each Side Radius, to 


"nd the Leg BC, are theſe which follow. 


C 3 Radius 
> 


4 
\ «x Dre . 


— ET IE or, \ 
. ̃ ——— ond — 
. 


— 5 * _ . 443 re: 
e 2 han ALES 9 „ oy 
1 a 4 r P oe 


oc 


38 Plain Trigonometry Reflangular. Chap. II. 
Radius . S. BAC 7 Ne 955 
Sec. BAC. T. BAC 5 : : Hypotenuſe AC . Leg BC. 
Sec. ACB -- Radius bg WET 


_ Likewiſe to find the Leg 4 B, they are theſe following. 


Radius . S. ACB Þ © PEN 

Sec. BAC. Radius 8 : Hypotenuſe 40 Leg AB. 

Sec. ACB .. T. ACB 8 8 
Note; When Radius is not the firſt Term in the Proportion, 


then take the Complement-Arithmetic of the Logarithm of the 


firſt Term; which how to find is ſnew'd in Chap. 1. Sect. 2. 
Propoſition . of the Uſe of the Table of Sines, Tangents and 
Secants, in page 300.) This Comp. Ar:th. or Co. Ar. add to the 
Logar. of the Second and Third Terms, and from the Charatte- 
riſtic of their Sum ſubtract 10 or 20, the remaining Figures is 
the Logarithm of the Fouth Term ſought ; as may be ſeen in 


the following Proportion in Problem 


Prob, II. Caſe 2 and 3. The Angles and one Log given; to fe 
© * the Hypotenuſe, and the other Leg. N 


Enamp. In the Right-Angle Triangle ABC. Plate 2. Fig. 2. 


The N Hyp. AC 


Leg BC 98 Leagues Leg 15 required. | 


This Triangle is made by Prob. 12. of Geometry, pag, 17 and 18. 


1. To find the Hypotenuſe 40, make it Radius, and the 
Proportion by Axiom 1. and Note 1.) is thus; | : 
As the Sine of the Angle BAC, is to the Leg BC: foi: 


Radius, to the Hypotenuſe 40. Or thus, 
8. * ® Leg. BC : : Radius . Hypotenuſe AC. 
54d. Jon . 


Io. ooοοοο 
e 
Co. Ar. 0.089314 


— 3 
Bose 12075 


: By Gunter's Scale thus; * 3 
S. BAC . LegBC: : Radius ++ Hypotenuſe AC, That is, 
S. 54d. zom... 98 Leag, : : S. god. ++ Leag. 120.4 Tenths. 
That is, the Extent from Sine 54d. gom. (on the Line 


of Sines) to 98 Leagues, (on the Line of Numbers) will reach 


from Sine god. to Leag. 120.4 Tenths, the Hypatenuſe r. 


% 


Sect, II. Plain Trigonometry Rectangular. 29 ; 


The three ſeveral Proportions, making each ſide Radius, to 
and the Hypotenuſe, are theſe 1 | 
S. BAC. Radios 8 12 75 
T. BAC . Sec. BAC 8 : : Leg BC Hypotenuſe AC. 
Nadius . Sec. ACB 0 
And to find the Leg AB, they are theſe : 
S8. BAC. . S. ACB 
T. BAC. . Radius 2 Leg BC. Leg AB. 
Radius 3 ACB 


* 


Note ; ; In working by Gunter, when a Fangent is men- 
tioned, the Radius then is the Tangent of 450. as in the two 
laſt Proportions, it is, 


As T. BA C., Radius : : Leg BC -» Leg AB. Which is 


I. 544. gom. . T. 45d: : g8Leag. -- Lea g.-69.8 Tenths, 

That is, the Extent from 54d. zom. to 45d. (on the Line 
of Tangents) will reach from 98 Leagues, to Leagues by 8 
'Penths on the Line of Numbers, for the Leg AB. | 

As Radius T. ACB : ; Leg BC +: Leg A. Which is, 

T. 45d. 11 35d. 30m. : : 98 Leagues Leag. 69.8 Tenth, 


That is, the Extent from T. 45d. to T. 35d. 30m. will reach 


zen 98 Leagues, to Leag: 59. 8 Tenths, as before. 


Fb. III. Caſe 4 and 5. The Hypotenuſe and one Leg gfve,, ; 
1 2 the Angles and the other Lg. 


E xamp. * che Right Angle Triangle ABC. Plate 2. Pi, 4. 2. 


e $Hyp. AC 121 ACB or BAC 
The 9158 AB 69 \ Leagues g given [Soy Leg BC * req. 
This  Friangle is nic d Prob. 11. of Geometry, page 17. 


. To find the Angles. 


you make the Hypotenuſe AC Radius, the Proportion 0 * 


Ax1-m x, and Note 2.) is thus; 
the Hypotenuſe AC, is to Radius; ſo is che Leg AB, 
ic ine Sine of the Angle A CB. Or thus ; 
pot. AC.. Radius:: Leg AB . S. ACB. 
721 Leag, +» $.90d, : : 69 Leag. . 8. 340: 46m. Which | 
ſubtract from — 0 doom. 


Remainder is Angle BAC — 55d. 14m, by the gth 
of Se2Pion r. of this Chapter in page 35. g 
aud if the Leg AB is Radius, then the Proportion (by 
5 1. and Mete 2.) is thus. 
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The Leg 3. 


40 Plain Trigonometry Rectangular. Chap. Il. 


As the Leg 4 B, is to Radius; ſo is the Hy potenuſe AC, to 
the Secant of the Angle BAC. Or thus, 
AB 69 Leag. . Radius:: AC 121 : : Leag. .. Sec. BAC 55d. 14m. 


Note; This Proportion is not wrought on the Gunter be- 2 


cauſe of the Word Szcant in the 4th Term; but being 


wrought by the Tables (as before dirccted) will produce the 
| Angle BAC 55d. 14m. as above; which ſubtracted from 90d. 


gives 24d. 46m. for 208 Angle ACB, as before. 


2. The Leg BC may be found by the uft or 2d Caſe ſeveral! 


Ways: As thus, | | 

| Radius . AC::S. BAC 
Se ACB + 4B::9. BAC þ 
Sec. BAC ++ 4C:: I. 346 3 1 
r B C Leagues 99.4 Tenths. 
Sec. ABR. AC: : Radius | 
. 40 B „ AB: : Radius 


d problem IV. Caſe brand 7. De Legs em 5 3 to fl Le 
Ang Gs ond H (ypotenuge. 


E xemp. In the Right-a nee le Triangle ABC. Plate 2. Fig 4. 


9 


4898 Angle BAC or ACB 
BC 69 5 Leag, given: ? and Hypotenuſe 4 C 


7 Triangle is made by Prob. 13: of Geometry: 


Make the Leg AB Radius, and the FERRO (by 4 W 


I. Ay Note 2.) is thus ; 3 


As the Leg AB, is to Radius: "* 1s the Leg BC, to the 
Tangent of the Angle BAC. Or thus, | 
Leg. AB. Leg BC: Radius TI. iC. x 
.g8 Leag. -- 69 Leag.:: T. 480. T. 35d. ho which 
Subtract from —ü———— 90d: 31 oom. 


The Remainder is — 54d. Sim. beer 
ACB, by the gth of Seffion 1 'R * this Chapter, in page 3 


And if the Leg PC be made Radius, the polen is : + 


Leg B C.. Leg 4B:.: Radius . T. . 
60 Leag. 98 TLeag : I. 45d. T. 54d: Im. as bk 
Which being ſubtracted i irom 90. leaveth 35d. ogm. for the 
4 Ange: — C. Either of theſe Proportions is ſufficient to find 
oth Ang 


2. The Hy . AC may be found (by the 2d Caſe) ſcve- 
nal Ways, . int, 


Sect. II. 


+ Firſt, Making the Hypotenuſe AC Radius; thus, 
8. BAC. BC * 90 
5 Ach. ABN Radius . Hypotenuſe Ac. 


Secondly, making the Leg AB Radius,; thus, 
gg 45 Sec. BAC. Hypotenuſe AC. 
Thirdly, * the Leg BC Radius; thus. 
"Radius =... BY : Sec. ACB Hypotenuſe AC. 
T. AGB. +» ABS. * 
Theſe 6 Proportions, if the Learner works them, he'll find 
em all to produce Leagues 119.8 for the Hypotenuſe AC. 


Naz 3 The «th and 7th- Caſes may be perform'd by the m 


= ene of the he Hypotemue, is equal to the Sum of the Squares 


1. By Natural Arithmetic, EXIrACURg the Square Root ; 3 
üs are theſe, 

5 , In the 5th Caſe to find a Leg ; when the Hypote- 
= al , and one Leg is given; Thus, 

: © Square Root of the Difference of the Squares of the 2 
'c 2nd one Leg, is the other Leg. 


5 | the 1 Legs are given ; thus, 
= fear, Root of the Sum Ys * Serge A both 1 5 
__ H. 75 
13 enu/e. 


2. oy 35 V Layne | in theſe two Rules following. 
to 05 he other Leg; thus, 


11. Hipotenufe, and given Leg i z #s the Logarithm of the 
HY 
WW. 114red, 


: 
ve cond Rule. When both Legs are given, to find the Hy- 
; potenuſs, it Is thus; 
Hom the double Lig arithm 7 the greater Lis fatraf the 
„ ee of the fr Leg : the abſolute Number anſwering to 


71 


: the leſſer Leg; 50 the Sum of the Logarithms of 


1 bat. gan and leffor Ls, is the. Logerithm of the Hypotentſe 


THRU jr gt, 


Plain Trighnometry Reſtangular. 41 


15 . tion of the Firſt Book of Euchide's Elements, which proves 


decor. ay, In the 7th Caſe to nd the Hypotenuſe, when both 


% Rule. When the Hypotenule, and one Leg is given, 


be Sum of the: Logarithms, of the N and Difference . 


— .. 


is Plain Trigonomeiry ReBangular. Chap. II. 
| Exam. I. The Hypotenuſe AC 121 Leagues, and the Leg . 
=_ AB 6g Leagues : What is the Leg BC by the Square Root? 

11 Hypotenuſe 10 — 121 And Leg A 6, 
it 1 VVV 

1 | | 7 8 . i 

. . x 12: Squareof AB is 47 i 

= Square of AC i 74647 

| | Square of AB is —— 4701 

8 Diff, of the D js <= g880(99-39 is the 18 BC. 

F 189780 | 2 

F 1701 

1983) 900 

# — „ he 1 

1 eh 100 . 
g | 0 = N 
| Remainder i. | ——_ . 


So that the Peg BC is Leagues 99.39 Parts of 100. 


By Logarithms thus. 


The Hypotenuſe AC 121 Leagues, 
The given Leg AB 69 Leagues. 


% 


Sum of AC and AB — 00 its Logarithm i is 2. 7070 
Difference of AC and AB — $2 its Logarithm is 1.26003 
The Sum of the Logarithm is e==_ —m—_—_— 799475 


— — 


Ikbe half Sum of theſe Logarithms— — 1.997370 
Whoſe abſolute Number is 99.39 3 that is, Leagues 99.3 


/ P arts of 100 is the Leg BC, the fame as before, . 
Example 2, The Leg AB is 98 Miles, and the Leg BC 64 ls 

Miles given : What i is th 12 AC. by the Sue Lax 
1 0 

ö | 


ae of BC is 4761 


c the Hypothenule AC, 
21043 
| 


22902255 
= Ow. 
2 388)20400 | 128 . 
| 19104 | 
emainder is mn 1299 1 


By Logarithms, thus, 


Nu! fi ply ts Logarithm by — LOD mmm — 2 


WT be ſeſſer Leg BC 69 Miles, its Logarithm is 1.838849 
E Abſolute Number r 139e2 anſwering the Logar.——2. 2-14. 3603 
WO SUM i: 20, its Lagarithms is —— 2.318481 
The leſſer Leg BC 69 Mites, i its Logarithm is 1 . 838849 


| The Sum of the two laſt Logarithms | s — 4.157330 


Pection my Three other Axioms, with the fix Caſes of e 
5 Plain 7 riangles thereunts belonging. 2 


02 . 
„ n. 11 all Plain-Triangles, the Sides are in ſuch Propor- 
— i tion one to another, as are the Sines of their oppo- 
5 bite Angles. That is, 


1. As the Sine of any one Angle, is to its oppoſite Side: ſo 
b the Sine of any other Angle, to its oppoſite Side. 
„ Asa Side, is to the Sine of its oppoſite Angle: fo is 
la, do the Sine of its oppoſite Angle. 


ge, begin with a Side. From 


; ect. II. Plain Triganometry Oblique, - 42 
ie Leg AB — 98. And Leg 56 .éÄ2Üb09 
il 784 | bay 
1 — —— 
12 of AB — Square of B46 


1 Sum of the Squares | is 1436501 19.8 that 1 is 719 Leagues 18 is 


| The greater Leg AB 98, its Logarithm is — 1.90 226 


he double Logarithm of the Leg AB is 3.981452 


| The half is the Logarithm of AC 119 58 s required 2.078665 


"iz; To find a Side, begin with an Angle; but to find an | 


221 


rr A TT TOE TENT 
„ 9 22 2 _ * b F< "> - 
D 2 Is 2 


* 


3 - Plain Trigometry Oblique, Chap. II I 


From this Axiom are drawn the Proportions for the Firſt, Z 


Second, and Third Caſes following. 


Prob. V. Cafe r. Of Obliquang 1 Two Ang les, and one id 3 
given to find either of the ther Sides. 1 


| Example. In the Oblique Triangle BDC. plate 2. Pg. 6 


| An ſe BDC 101d. 25m.) CD 
The 9 8 CBD 44d. dee = > is req. 


Side — — BC 76 Y ards BD © 
This Triangle ts made by Prob. 14. of Geometry, in pages 
18 and 19. . 
1. The Proportion according to the Second em for {nd 
ing the Side-CD, is this ; 5 
As the Sine of the Angle BDC, i is to the Side BC; fo is e 


Sine of the Angle CBD, to the required Side CD, Or thus ; 


S. BDC. Side BC : : S CBD-- Side CD required. 


S. 101d. Am. | 76 Yards > 0 8. 44d. 42m. . Yds. 54.5 Tenth, 


180d. oom. 


I 78d. 35m, 


Note; The Sine of 101d. 25m. Is found bs fubtradting i it fron 
180d. according to Chapter 1. Section 2. Propoſition 8. Of tit 
Ujes of the Tables of Sines, Tangents, c. in page 300. 

2. To find the Side BD, the Proportion is, | 

8. BDC. Side BC: : S. BCD . Side B D. 5 
S. rod. 25m. 70 Yards: 8. 33d. 53m. -- Yards 43.3 Tent 

180d. 00M, OE oat ves l 


8 780. 35m. f 


Problem VI. Biz 2 ; and 3. of Obliquanghs.” 


Two Sides, ey) one Avg oppoſite ta one of them given t find 
4 the ther g ite Angle, and the third Side. 


Note; The giv en Angle Obtuſe, the Angle 1 is Acute. 

But when the given Angle is Acute, and oppoſite to it 
efler given Side, then the required Angle is doubtful ; wit 
ther Acute, or Obtuſe, and ought: to be determined before the 
Operation. 


Eaamp. In the Obtique Triangle BCD, Plate 2 20 Fir 


| 85 


A 


Y 7 
ay 
1 
5 
7 4 ES 
O18 
3 
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7 
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1 
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ey 


Y Sect, III. Plain Trigonometry Oblique. 
3 (Angle BDC Ottuſe, Þ 
5 


3 C106 2 
B D 65 © Yards « given: wa and the 


Anvle' BED 370 40m. Side CD 
As Triangle is made by Prob. 15. of Geometry, in page 19. 
| i. For the Angle BDC the Proportion is, 
As the Side BD, is to the Sine of the Angle BCD ; fo is the 


135 BC, to the Sine of the Angle BDC required. Or thus, 


| Side BD -« 8. BO p Side G $:8DC. 


65 Yards .. S. 31d. 49m. :: 106 Tards . 8. 59d. 17m. Which 
| Subtract from 180d. oom. 


Remainder is the Angle DCS 120d. 43m. 
Note; The Proportion produceth 59d. 17m. for the required 
Angie ; But being Obtuſc, you muſt iake it's Supplement to 
180d. pig. 120d. 43m. as above is done. 


2. Find the third Angle by the gth of Section 1. of this Chapter, 


n hagge 35. then you may find the Side CD by the Firſt Cate. | 
This Caſe hath been omitted by moſt, the Rexon (I fup- 


poſe) is the Doubtfulneſs of the required Angle; but if deter- 
101 ed before) to be either Acute or Obtuſe, the third Side is 
„linntted, and then may be a Caſe as well 9 any other ; And 


we Proportions hey be, | 
S. BCD + Side BD: : S. CBD Side CD. 


4 8. 11d 40m. . 65 Yards :: S. 27d. 28m. . Yds. 56.8. Or, 


S. B DC.. Side BC ::SCBD : Side CD. 


8 YT 4 301. . © 106 Yas : os 8. 27d. 28m. oF Vds. 56.8 Tenths, | 


as before, p 


Axiom 3. IN all Plain Triangles ; ; as * TED * two Sides, 
is to «their Difference.; ſo is the Tangent of the - 
ahm of their two oppolite Angles, to the Tangent of the 


nal i}:Rerence of the two unknown Angles. Then, 


4 | 


Ati the half Difference of the Angles- to their half Sum, 


ins lie greater Angle; and ſubtract the half ARTE from 


is ha it Zum, kinds the leſſer Angle. 1 A | N 


* 


| Prob. VII. Caſe 4 and 5. Two Sides and their contained Angle 


given; to find either of the other Angles, and the third Side. 
£779, In the mes Triangle BCD. Plate 2. Fig. 5. 
sue © BC 109 BDG or 
a3 78 $ Leagues 2 ven: 85 Ange BCD and 7 
Angle © CBD 3 P 


Triangle is made by Prob. Jad of Creometry, in page 19. 
Nen I og 
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46 Plain 77 rigonometry OB que. Chap. Il 1 
1. For the Angles BDC, and BCD, the Operation i 1 1 


side JBC 109 | The three Angles 80d. oom. 4 1 
BD 16 Subtract the given Angle CBD 1019. 30m. 


Sum Of t Sides1 Fs 85 
Their Diff. 


d. * 
The two oppoſite Angles _—_ oe 25 1 


Then, As the Sum of the Sides BCand BD, is to their Dit . 
rence ; ſo is the Tangent of half the Sum of the Angles B D. 1 


and BCD, to the Tangent of half their Difference. Or thus, 


Sum BC& BD .. Dif. BC& BD: : T. f Sum Angles -- T. 5. 


185 Leagues ++ 33 Leagues: 1. 29d. 1 5m. T. bd, 1, 
The half Diff. | of he A on th ; * 7 2 
Added, is the greater Angle. 47d. 32m. B DC. 
Subtracted, is the leſſer Angle 30d; 58m. BCD | 
2. The Proportion for the Side CD, (by the Firſt Caſe of 

Oblique Triangles) may be this: 85 

S. BCD . Side BD: :S. CBD.. Side CD. 5 
8. 30d. 58m. 76 Leag.: : S. 101d. 30m.  Leag, 144.5 tenths Ti 


Axiom 4. F Rom the half Sum of the three Sides, ſubtract each Z 
Side, (but firſt that Side oppoſite to the Angle re- 


req. 


qu red, then the reſt) ſeverally, noting their Remainders. Then, E 


=_ the Product of the half Sum of the Sides, and Firſt Re-. 
mainder, is to the Product of the other Two Remainders ; © 


is the Square of Radius to the Square of the Tangent of half he | 


Angle oppoſite to that firſt Remainder. 


Prob. 8. Caſe 6. Three Sides given; to find an Aigle. | 
_ Example, In the Triangle BCD. Plate 2. Fig. 8. 


BC 105 | BDC : 1 
The Side & BD 85 be cet given: Ange) BCD Cr red, i 
| CCD 50 CBD = 


| This Triangle i is made by Prob. 17. of Geometry, in pag. 19. 20 
The Operation for the Angle CBD is Feet. * 
BC 105 [Tbe half Sum 120 co. ar. 7.920810 
: IR D B85 The firſt Remainder — 70. co. ar. 8.15 492! 


. 50 iS 35 Logar. 1. 544068 
Sam of StS 240 The other 2 Remain, 2 15 Logar. 1.1700 


wulf their Sum 120 \.._- Sum 18.79 8800 
From 7 cnn pl Tangent=——1 46. ozm. half Sum 9.397949 


Sub. each fide > 35 Doubled 14d. 02m, 
there remains) 15 Produceth — 28d. 04m. the Angle £80. 


l Plain Trigonometry Oblique, 47 
== Thi Axiom finds an Angle at one Operation, yet not being 
WE licble to the inſtrumental way of working Proportions, you 
eee this fourth Axiem in other Terms; which finds an Angle 
doo Proportions, and may be wrought both Inſtrumental 
WF: Logarithmetic. = 5 ; 
= 7: 4. Uſeful, when three Sides of a Triangle are given; 
and an Angle. 94 * 
dae longeſt Side, is to the Sum of the two ſhorteſt; ſo is. 
Difference of the two ſhorteſt, to the Difference of the 
ats of the Baſe or longeſt Side. 955 


= 7/::; Let fall a Perpendicular (from the Angle oppoſite) to 
Ws: longeſt Side, which divideth it into two Segments; and 
oe Oblique Triangle into two Right-Angled-Triangles. 
te foreſaid Triangle BCD. Plate 2. Fig. 8. 
ll the Perpendicular DA, which makes the Segments of 
be 5: to be BA, and AC, and the two Right-Angle-Triangles 
Bab, and CAD, and the Difference of the Segments BE. 

= i, Jo find BC the Difference of the 3 of N 
onen sees — 1090 —. 50 Peer 
= Addcd, is the Sum of the two ſhorteſt Sides 135 Feet. 
= Qubtracted is their Difference. ᷑0 — 35 Feet. 


= Then, as the Side BC, is to the Sum of BD and : fois 
de Difference of BD and CD, to BE. the Difference of the 
WL Scoment BA and AC. Or thus, 85 
W Side BC -- Sum BD&CD: : Diff. BD& CD +- BE the Diff, of Seg. 
W 05 feet . 135 Feet: : 35 Feet +» 45 Feet. bel.» 
= |: Side BC 105 Feet | 
Def. segments BE 45 Feet. „ 
Added is — 150 e © 75 BA the greater 7 Seg- 
I | Subtracte 1 i 60 Tide half " 12 AC the leſſer ment. 
dbe Angles BCD or CBD, may be found by the 4th Caſe 
D K11-4ngle Triangles, in page 39+, Thus, 9 

ere BD -- Radius:: Leg AB. S. ADB. 
5oot 3 Feet. S. god.:: 75 Feet . S. 61d. 56m. 

| Which ſubtracted from — g0d. oom. 


| Remainder is the Angle CBD.— 28d. 04m, as before. 


. 


Thus much for Plain Triangles ; and to compleat 7. rigeno- 
n £427 7e ſhould be next. But I count the Application 
be beſore the Docttine of that, moſt conducible to 
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Julian Kalender. Chap. In, 


the Learner's Proficiency: Therefore will deſcend to the nece!. 
Utes of Plain Trigonometry in Plain and Mercator”s Sailing, 
which will make way for Sphere. Tri Comemetry. 


48 


_— 


Section I. The anon Notes of the Julian Kalendar; i f 


of Time (it hath been ſuppoſed) che Sun and Moon Ani al 94 A 


again; which Number ſerves to find the Dominical Letter 'E 


Years the ſubdu*d Nations were to pay T TNT to the Roman 5 
a thing now out of Uſe with us. FF 


- The Rule out of Mr. Street's Menirial: Parſe on. the Zack 14 


CHAP. III. Plain 7: rigonamety y applied in Pry | 


 Glems of Sailing by the Plain 26h Chart, comment 4 3 
called Plain-Sailing. "5. 


N AN D that nothing may be wanting to the Accompliſhine 


X of Navigation, I will begin with the Julian Kalendar, a: 
then the Uſe of the Plzin-Ghart, beſore I apply Plain Triz; 
nometry to Plain Sailing. e 


the Prime, Epact, Dominical Letter, Eaſter-Day, the Mogu!. 
© Age, Southing, and Time of High-Water. 


Problem I. To Hud the G olden Number, N of the b, 60 
. Roman Indietior. - 


Definitions, 5 2 H E Golden Number or Prime, is a Circ ls 


Revolution of 19 Years; in which Spa 


their Variety of Aſpects. 1 
l Cycle, or Circle of the Sun, maketh its 100 = 
28 Years; in which Time all the Variety of Dominical Lei: WF 
and Leap-Years expire, and the 29th Year the Circle beg 
— Year, paſt, preſent, or to come 7 4 

Roman Indiction conſiſteth of 15 Vears :. ence in 


Jaſtic and Civil Kalendar. 


When 1, , 3, to th” Year hath added been; 
Divide by 19, 28, 15. 


Example, I would know the Golden Number, Cycle of FF 


Sun, and Ryman Iudiction tor the Year 1740. 1 


Julian Kaleirdar. 419 
n 
. The Operation. 
— 
5 1741 — —— 949 — — 174 
5 6 15)— 016 
3 . by-. 234 
8 —— apnea as cath 
ol : (12) ( | 93 N 
15 eee 
7 3 


5 4 Golden Number F 
the * ear 17 40 Cycle of the Sun 8 | ) is % I : 3 
(Roman Indiction 1 


Mw 
1 
10 4 
. <3 
"4; 


I Problem IL To Fra the E pack fer any Year. 


Y-finit $- an. The Epact is 11 Days the Year of the Moon 
eth bf the Sun's . The Lamar * 3 54 Days, and 
Sola Y ear, 36 5 ** 

va An Epact never excecdetl 29, _y alters every Lear 
. ang uſed to find the Moon's Age, arid Zaſter-Day. 
Uo! Note, The Prime changeth the Firſt of January, but 
_ Epat * Firſt of March. The Rule 15, 
Fe the Golden Number, by Prob. . 
2. H he Golden Number by 3, and note the Remainder. 
3 M. iply the Remainder by 10, and note the Product. 
4. F# coduCt add the Golden Number; the, Sufi (if it 

: 4 o) e the Epact; but if it doth, ſubtract 30 there- — 
mn, Mathe Remainder is the ES | 5 


| F | be, Far the Yer 1740 : x I demand the' Epact ; | 4 | 
To de Year 1740 add 1, and the Sum is 1741, which di- 
le by g., and the Quotient is g1, and the Remainder is 125 


thael :'- Holden Number is 12, Which divide by 3. che ol 
oY: : 18 4. ; 


> Remainder is 6; So that the Epact will be the ſatne . 
den Number, VIZ. 12, for the Tear 1740. 
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and Leap-Years expire, and the 29th Year the Circle 
The Rule out of Mr. Street's Mamsrial Verſes on thi 


$un, and Roman Iudiction for the Year 1740. 
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— Learner's Proficiency: Therefore will deſcend to t] 
fary Uſes of Plain Trigonometry in Plain and Mercutors 
which Will make WY.” for Spheric Tri gonemetry., 


ho * * 
— 5 by N 


CHAP. I Plain 0 applied i 


blems of Sailing by the Plain SCRA ſy c 
called Plain-Sailing. 6; 


AN D that nothing may be wanting to the Accomp! | 
+ * of Navigation, I will begin with the Julian Ralena 


then the Uſe of the Plain-Chart, before I apply "oY 


nometry to Plain Sailing. 


Section I. The common Notes of the Julian Kalendar; * 


the Prime, Epact, Dominical Letter, Eaſter-Day, the 
Age, Southing, and Time of High-Water. 


. Roman Iudiction. 


Problem I. 7% Hud the G ollen Number, Cycle * the s 


Definitions. 1 I. = H E Golden N or Prime, i is al 
| Revolution of 19 Years; in Which 
of Time (it hath been ſuppoſed) the Sun and Moon f 
their Variety of Aſpects. b 
2. The Cycle, or Circle of the Sun, maketh its 1 5 
28 Years; in which Time all the Variety of Dominical | 


again; which Number ſerves to find the Dominical Le 
any Year, paſt, preſent, or to come Fi E 

. Roman Indiction conſiſteth of 15 Years : n N 
Yers the ſubdu'd Nations were to pay I cute "10! the 2 
a thing now out of Uſe with us. | 


Haſtic and Civil Kalendar. 


When 1, 9, 3, to the Your hath added been : 
Divide by 19, 28, 15. q 
N | 


Example. I would know the Golden Number, Cycle | 


— - 


? bes NR 
Sum is — 1 _— 1743. 
3 be. 0 
q 5 135 3 
1 : . 
1 255 Golden Number 7 C12 
"up ths Year 1740 4 Cycle of the Sun : 1 
| (Roman Indiction 


. oblem E T0 A the Epaa fer any Year. 


| Fu The Fog is 11 Days the Year of the Mon 
Ucketh of the Sun's Year : The Lunar being 354 Days, and 
the Sular-Year, 36 5 _ 


E | Wie; The Epact never exceedetl 29, and alters every Year 

. nd is uſed to find the Moon's Age, and Zafter-Day. 
a, Note, The Prime changeth the Firſt of January, but 

he Ep: A the Firſt of March. The Rule is, 

„ Find the Golden Number, by Prob.-1. 

„Divide the Golden Number by 3, and note the Remainder. 

3. Multiply the Remainder by 10, and note the Product. 

4+. ©* goduct add the Golden Number; the. Süm (if it 

30) C the Epact; but if it doth, ſubtraQt 30 there- 
vm, and the Kemainder is the nk 


5 18 le. For the Var 1740: I Jernand the Era; 

E the Year 1740 add 1, and the Sum is 1741, which di- 

. da. „19, and the Quotient is 91, and the Remainder is 12; 

ee Golden Number is 12, which divide by 3, the 
ns 18 4. Th 

7 Ex ';» Remainder is 6; So that this Epact will be the ſatne 

Salden Number, ViZ. 13 for the Year 1740. 


py D Prob. 


bog 


50 Julian Kalendar. Chap. III. 
Problem IN. To know if it be Biſſextile or Leap-Year. 


Definition. Lead-Year is every Fourth Yar, and ſo called 
from its leaping a Day more that Vear, than in a common 

Vear; for in the common Year, any fix*'d Day of a Month 
changeth ſucceſſively the Day of the Week ; but in the Leap- 
Jar, it skips, or leaps over one Day. 


Note, The Common Year hath 365 Days in it, but Leap — 8 
Year 366, and then February hath 29 Days, which in C o. FP 


mon Years hath but 28 Days. 
The Rule. Divide the Year by 4, what's left ſhall be, 
For Leap-Year o, for paſt 1, 2, or 3. 
Example, The Year 1740 ; what is it, a Common Vear or 
Leap-Vear. 


4)1740(43 5 Quotient, and Remainder i is o; ſo that the 3 a 


Year 1740 is Leap-Year, 


Problem IV. To find the Dominieal Letter for any Year. 


| Definition "# The Week Days in Kalendars, or Almanacks, 4x 
are expreſſed by the firſt ſeven Letters of the Alphabet, and one | 
of them is a Dominical Letter, 3 
2. Dominical Letter, or Lord's-Day Letter, is that which 
ſtands for it, commonly called Sunday. 
De Rule. Divide the Year, its 4th, and 4, by 7; 
What's left, ſubtract from 7; the Letier's given. 
Note. When it's Leap-Year, there are two Dominical Let- 
ters; one ſerves to the 25th of February, the other from thence 
to the Year*s-end. 
28. The Dominical Letter goeth backward in a Common Year 
one Letter, but in Leap-Vear two Letters. 
23. The Leap- Lear having two Dominical Letters, it's the 
latter of them that this Rule finds. 
Examp. For the Year 1740: I demand the Dominical Letter, 


The Operati, jon. 


The given Yau (by Problem 3. iS A | Leap-Year 3 = 1749 
It's fourth Part k 435 


— — 2 


Sect, 6 


geek. I. | Julian Kalendar. 51 
72779(317 Quotient, and Remainder is 2: which 
(2 ſubtract from 75 reſts 5 for the Dominical 


Letter ; that is, E ; but the Year 1740 


being Leap-Year hath two Dominical 
Letters, which are FE. 


5 


Problem V. By the 19 Epacts; to find Faſter-Limit, from the o 
beginning of March incluſive, 
Definitions. 1. Eafter-Limit, is the 14th Day of the Paſchal 
e (or the New Moon neareſt the Vernal- Equinox } 
fler the Firſt of March. 


The Vernal E guinoæ, is ſuppoſed to be fixed to the 21ſt 
| of Mar h. 

3. £o/ter-Day, is the Sunday after the rah Day of the 
"New-Moon and is never before the 22d Day of 
, nor alter the 25th Day of April. 

s | The Rule, i 

7. Find the Epact by Problem 2. 

2. The Epacts take from 47; but two: 

The greateſt take from 77 ;\ twill do. 


Pc 47 n ple. 1 demand Eofter-Limnit for the Year $ 740. 


The Operation. 


The Epact for the Year 1740 (by Problem 2.) i- 14 
W UC! 9 1 Thy buact from P — 7 


— — 


Rena ner 18 BafterLinnt from the 1ſt of March 35 Day 83 
that is, the 4th Day of April tor the Year 1740. 


P. oi em VI. To find Eaſter- Day for any Year. 


D puts. Bofter-Day, is next Sunday after Faſid«Linit, 
or! e 14h Day of the Paſchal New-70on. 


15 /e . Pe/ter- Day is not leſs than 22 Days, nor more than 
50 Days hom the Firſt of March, 


: The Rule, | ; me 

Fu the Dominical Letter by Problem 4. | 

Al þ 75 er. Limit by the laſt Problem. 
' © |.cticr more by 4, from Limit take; 


Wat”: left from neareſt 7's, Mall Eaſter make. 
D 


* 


Coo 82 4 


E xambie, 


. 
32 Fulian Kalendar. Chap. In. 
; Exarcyle. For the Year 1940, 1 demand Eafter-Day * 


The Operation. 
Dominical Letter (by Prob. 4. ) is FE, or mn; 
The Sum is es 9 
Which fubtraA from E after Limit (found by Prob. 5.) —— 3; 
Remainder i "RENNER 3 | PIR TY h : 
Which ſubtract from neareſt 78 — ww of 
—A Ä ³¹³ abt. woe 4 


Which added to Eaſter Limit 35, Sum is Eafter Day, 37 Day 
from the Firſt of March, which makes the 6th Day of Apri, 


for the Year 1740. 


Problem VIL- To find the Moon's 3 


Definition, The Moon” s Age is, how many Days are paſt ſince 
the Day of her Change, which Age never exceeds 30 Days. 

The Rule. 1. Find the Epact by Problem the 2d. 

2. To the Epact add the Day of the Month, and the Num. 
| ber of the Month; the Sum if it exceeds not 30, is her Age; 
but if it doth, ſubtract 30 as on as you can, and the Reimail 
der 1s her Age. . 


Note, The Numbers of the Months are theſe, 
January, Pebruory March, April, May, Fun, 


& I, 4, 
Tui , Auguſt, September, Oteber, Novemtr, December, 
8, 8, 10, 10 
Example The 21ſt of May 1740, Idemand the Moon 5 Age? 
The Operation, 
The Epact (by Prob. 2.) for the Year 1740 3 
To it add the Day of the Month mw a — 2 
And the Month i Number is — — 3 
The Sum is — 36 Days 


Which being more than 30 by — — 6 Days 
3s the Moon's Age required, 


Problem VIII. To find the Moor $ Soutbirg. 


Definition, The Moon's Southing, is the time of her coming to, 
vr upon the Meridian; which from the New Moon to he! Full, 


i after Noon, but from the Full to the Change, i is before rows 
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Sect. II. Moow 3 Sonthing; $2 


7 be Rule. 1. Find the Moon's Age by the laſt Problem, 

„ Multiply her Age by 4, and giyide the Product by; 
the Qu tient is Hours, and the Remainder is ſo many times 12 
Minute of an Hour, and both is her Southing. 

Frumple. The 21ſt of May, 1749 3 1 demand the Mogn's 


Southing ? 


The Ge 


The Moon's Age (by Prob. 7.) is OI Days 
Multiply by — — — 4 
1 The Product 1 is — — nn 24 
That divided by 5, the Quotient is 4 Hours, and the Re- 
mainder is 4 which makes 48 Minutes; 1o that the Moon's 
Sound „ is 4 Hours 48 Minutes, Afternoon; that is, 48 
tes after 4 in the Afternoon, the Moon cometh to the 


Moertdtan. 


Prob. IX. To ful he Time of Pull 1 or bigh Water at any. 
1 
The Rule. 1. Find the Moon's Southing by the laſt Problem 
2.'To the Southing, add the ** of the Compais making, 
Fall Sea, (on the Full and Change par Le the Place propoſed ; 5 
that Sum is the Time'of Full Se, or High-water. 
Note; The Point of the Compaſs 3 Full Sea on the 
ui! and Change Day, may be found (in the Tide Table) in 
= i Mrs Kalendar. = 
| Example. The 2x| of May 1740 1 1 demand the Time of 
High- Wer at London ? | 
1 "he Operation. The Moon's Southing (by Prob, 8.) for the 
21ſt of May, 1 1740, is ——- 4h, 48m. Afternoon. 
10 0 it add London SW. and NE. Zh. oom. 


The dum is Time of Hi water—— 7h. 48m. Afternoon. 
bet. II. The Uſe of the Plain-Chart, or Plot. 


Jr's requiite to underſtand the Plain-Chart before the Caſes 
of Pls! Sailing; For it conduces much to the underſtanding 
2 Aud for the better underſtanding of it, mind theſe 
OWING 
Definitions, I. Thi Plain-Chart ſuppeſeth the Earth and 
| $210 make ons Flat Superficies, or Long-ſquare z in which the 
Meridians are Parallel, and the Degrees of Latitude and Lon- 
WY gitude _ 


5 K The Uſe of the Plain Chart. Chap. III. 
gitude, equal in all Places; which is only true in the E- 
quator. 

2. The Equator, is a Line drawn Eaſt and Weſt, and is 
go degrees diſtant from each Pole : From it Latitude beginneth, 
and in it Longitude is counted. 

BY 'The Poles are two oppolite Points, ore called the North 
Pole, the other the South Pole; and lie North and South from 
each other; at them is the greateſt Latitude go Degrees. 

4. The Meridians, are Lines (in this Chart) parallel to each 


other, and perpendicular to the Equator, and lie North and |} 


South 3 on which are counted the Degrees of Latitude, 


. Parallels of Latitude, are Lines parallal to the Equator, 
and lie Eaſt and Welt. 


6. Latitude, .is the Breadth, or r Diſtance of any Paralle | of WM 


Latitude from the Equator ; from v hence it's counted both 
ways to each Pole, ending in go Degrees, the greateſt 
Latitude, 
. North Latitude, is on that fide of the Equator towards the 
North Pole; and South Latitude towards the South Pole. 
8. Difference of Latitude, 1s the Breadth, or neareſt Diſtance 
of any two Parallels of Latitude; and ſheweth how far one 


Place-lies to the Northward, or Southw ard of the _— it | : 


never exceedeth 180 Degrees. 

g. Longitude (in the Plain Chart) is reckon'd on any Pa 
rallel of Latitude, and encreaſeth to the Eaſtward, till it end in 
360 Degrees, the greateſt Longitude, 

ro. Difference if Longitude, Meridian-Diftance, and Depar- 
tur? from the Meridian, ſigniſy (in the Plain Chart) one and 
the ſame thing, and is the neareſt Diſtance of any two Meri- 
dians ; it ſheweth how far one Place is 10 the Eaſtward, or 
Weſtward of another. 


The Uſe of the Plain Chart. 
Problem 1. Ty find the Latitude of any Place Trthe Chart. 


Rule 1. Take the neareſt Diſtance of the Place tc any Pas | 


rallel, or Eaſt and Weſt Line. 
2. Lay that Diſtance on the graduated Meridfan, ſetting one 


Foot of the Compaſſes in the faid Parallel, and turning the 


other Foot the fame way, the propoſed Place lieth from it; 
the laſt Foot ſheweth the Latitude required, - | 
Eaanpl. 


. 1 nr Pa 8 n „ ah 
o r A 3 — * 
n - n * . y S - 
S x "I . . Py A, = iv ” - . 
— > P * 7 — r * — 


. a = AT. . * a 1 3 is y 8 8 
” facts dr; 2 Et e fp 8 CL; PRINT v+ - 2 > * 2 1 2 7 — * — 5 * rü * * q 
«£55508 C . 0% OPAL F 3 * N 8 1 e 5 
. FF EF r ˙ ͤ( Sor . PPP 
5 . RNs oe tO . 8 535 ETC r 22 
AS” * . = As 7 22 ie Ed Te Ar n 2 5 2 Me . * A omg = NIE * 0 | 
1 7 n af 0 Ry 7 . Oo” 4 8 123 C A "4 " 2 57 — 4 . . 


7 


Sec. II. e Uſe of the Plain Chart. 33 


Zxamp. What Latitude doth the Lizard in England lie in ? 

1. Take the neareſt Diſtance from the Lizard to any Parallel, 
or Eaſt and Weſt Line. 

2. Lay that Niſtance (on the graduated Meridian) from the 
ſaid Parallel, and the moveable Foot ſneweth 50 Degrees, the 
Latitude of the Lixard; and it is North Latitude, becauſe 


| as of the Equator : : Doſo for any other Place, 


Problem 2. To Jr the C curſe, or Bearing of one Place from another. 


The Rule is, 
1. Lay a Ruler on the two Places given; and take the 
neareſt Diſtance from the Center of any Compaſs to the Ru- 


6 er 8 Edge. 


. Slide the Compaſſes (being at that Diſtance) with one 
Fo: t Cloſe to the Ruler, and the other Foot perpendicular to it; 
in fo doing the perpendicular Foot points out (among the Rumb- 


lines) the Courſe, or Bearing of the propoſed Places, from one 


another. 5 
Examþlz. T demand the Courſe from the Lizard i in E ngland, 


] : t the Iſland of Barbadoes. 


I. Laying a Ruler's Edge on the Lizard and Barbadoes, 


take the neareſt Diſtance from the Center of a Compaſs to the 
Edge of the Ruler h 


. Side the Compaſſes along by the Ruler, keeping one 


Foot perpendicular to it, -and it ſheweth (among the Rumbs) 
the Courts to be S. W. half W. neareſt, from the Lizard 10 25 


land of Barbados, the oppoſite point (vix.) N. E. half E 


the Q -ourte from the Iiland Barbadots to the Lizard, 


Problem 3. To find the Diftance of one Naw front aindie: 


e Rule, Extend the Compaſſes from one Place to another. 
Maeatuce that Diſtance on a Scale of Leagues, or on the 
Otadua: we: Meridian; the firſt ſheweth the Diſtance in 


Leagues; the latter in Degrees. This is ſo cafy, it needs 


no Ex. ple. 


Problem 4. To find the Departure, or Meridional Diſtance 


between any two Places in the Chart. 


. e Rule, Take the neareſt Diſtance from one of the 
Ten | laces, to any Meridian. 


D4 2. The 
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2. The Compaſſes being. kept at that Diſtange, move them 
. along to that Meridian till you bring both Feet 
of the Compaſles into the Parallel of the other Place, there ſtay 


the Compaſſes. 


The e Diſtance from the Perpendicular Foot, to the other 1 | 


Dh Place, being meaſured on the Graduated Meridian, or 
on the Scale of Leagues, giveth the Meridional Diſtance required, 
Example. I demand the Meridional Diſtance between the 
Lizard and Cape Fini/lerre ? 1 
1. Take the neareſt Diſtance from the Lizard to a Meri. 
dian, and ſlide the Compaſſes with one Foot on it, and the 
other Perpendicular, till both Feet come to the Parallel of Cape 
Finiſterre. 
2. . Then the Diſtance from the Perpendicular Foot, to Cape 
Einiſterre, being meaſured on the Metidian, is 3 Degrees 18 


Minutes, or 66 Leagues, which is the Meridional Diftance, and 


ſheweth Cape Finifterr? is 66 Leagues to the Weſtward of the 
Meridian of the Lizard, and conſequently the Lizard lies 66 
Leagues to the Eaſtward of the Meridian of Cape Hiniſterre. 


Problem 5. De Latitude « Ship is in, and her Meridiol 


Difiance given; to fnd in the Chart where the Ship is. 


” The Rule. 1. Lay off the Meridional Diſtance (according to 


its Nature, 1 to the Eaſtward or Weſtward (from the 


Place it's counted from; and then the neareſt Diſtance from that, 


to any Meridian, muſt be kept in one pair of Compaſſes. 


2. With another pair of Compaſſes, take the — Diſtance 


of the Latitude, from any Parallel, or Eaſt and Weſt Line. 


. Then move both pair of Compaſſes Perpendicular, one on 


the Meridian, the other on the Parallel, till both Berpendicular- 


Feet meet, and there is the Place in the Chart Ty the 


Place the Ship | is in. e 


See. UI. Plain T; Tigonomtry applied in Plin:Saling. 


Defini- NM hi is the guiding or directing A Ship 
(thro* the Ocean) from one Place to another; 
it's aivider! ned two Gencrals; Domeſtic and Remote 


tion. 1. 


2. Domeſtic, or Home Navigation, is Coaſting, or Sailing 
along Shore; in which the Mariner 5 7 Compaſs, and Lead, are 
the chick Inftruments. 3 


Js Rene, : 
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3. Remote, (which more properly bears the Name of Navi- 
—_ is the conducting a Ship to any Port, and the finding 
what Latitude and Longitude ſhe is in, at any time; in the 

alice of which, the Mariners have theſe Helps, the Compaſs, 

he Log, and the Latitude, 

5 The Compaſs, is a Circle divided into 4 Quadrants, 
Qu xrters, or principal Points; Eaſt, Weſt, North, and South; 


each Quarter into 8 equal Parts, being in all 32 Rumbs, or 
Points, as in Figure 16. of Plate 2. So that ſteering by the | 
Compals (well made, and duly reCtified) is known how, or 


wy ich way the Ship fails to a (all matter. 


The Log-line, (truly marked, or ſome other good way) 
2 Inſtrument whereby the Mariners meaſure the Ship's 


D tance failed, in Minutes, Miles, or Leagues, every Hour, 
Watch, or Day. 

Note, Each Knot in the Log-line ought to be 50 Feet from 
dach other, and not 42 Feet, or 7 Fathom ; an Error too fre- 
quent among the Engliſo Navigators, and long hince refuteg 
by Vir. Nerwoed in his Seaman's Practice. 

Alſo the half Minute Glaſs, uſed with the Log-line, ought 


to be truly 36 Seconds of Time, and not 25 or 26 Seconds, as 


chiefly m Ade now, Which are ſo called. 


. The Third "Help, is the Knowledge of the Latitude from 
whence he fails, to which he is bound, and where the Ship 
is at any Lime; this is attained by Celeſtial Obſeryation — 


Sen with 2 Quadrant or Foreſtaff) taking che Sun, or Star's 
Meridional Altitude. 


Now, any two of theſe chree Things exactly known, the 
auigator comes to know at any time, Where he is, how far 


he hath zun, and how far he is yet to run, which way, or up- 


vn what. Point of the Compais he is to ſteer; and all this by 
Trigerometry, in the three Kinds, ww 

Plain-Sailing, Wright*s-Sailing: and Cirde-Sallng 5 AS o ſhall 
de Hewed in Order: And firſt of Plain- Sailing, in which take 
theis Five General Rules following. 

Rule +, That 20 Leagues being equal to 60 Miles, or Mi- 
nutes, is o equal to one Degree of Latitude. 


A oy Moe, One of theſe Miles or Minutes containeth 6000 5 


„ ad is greater than a Statute or common Mile, which is 
be 5000 Feet, of which about 69 & Miles make a Degree; 
whereas in the Practice of Navigation, 60 are counted to 2 


2. Gene- 


Plain- Sailing. 87 | 


Degree on the Meridian, or any — Circle. | £ 


F Ca een EI 
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2. General Rule. To find the Difference of Latitude, wher 
the Latit. des of two Places are given. 
titudes - one e Other 
the Difference of Latitude, 
General Rule. To find the Latitude the Ship is in, whey 
the Latitude la ſed from, and the Difference of Latitude is given, 
for theic are the two following Caſes. 


The La- —_ North 1 * both $ South} PS wi I 5 


3 Caſe I, 
In North 1 > Lat tude falling to the 3 e b Laid, the 
Latitude increaſed, add. 
Caſe II. 
18 F South 


Eatitu ailing th 
wh de failing to the 5 North © Ward, ihe 


1 Goth, ſubtract. 
And here Note, When the Latitude decreaſoth, and te 
Difference of Latitude is greater than the Latitude ſailed from, 


the Ship hath croſſed the Equator, and changed her Latitude; 


either from North into South, or South into North. 


General Rule. The * of the three Angles of every 


; Plain Triangle, is cqual to 16 Points of the Compaſs: For, 


1 Point „„ 110. 15m. 
16 8 Points nn _— 0 5 180 90 2 Degrees. 
32 360 


. General Rule. If a Ship fails Eaſt or Weſt, he keeps 


the ame Latitude; and if a Ship ſails North or South, ſhe * 


min the fame Longitude. 

Note, Plain Sailing is divided into three Parts, vig. 

1. Ina Right- Angle-T, riangle, relating to a linde Courſc, 
in which are Six Caſes. 

2. In a Kight-Angle-Triangle, n to foveral Courſe 
called a Traverſe. 


In an Oblique Triangle, in which are but four Cafes, 


th multi :de of various Queſtions, 
The Firit Part of Plain-Sailing is contained i in the {x Pro- 
blems, or Caſes following. prob 
Jo. 
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3 lem or Caſe 1. Courſe, and Diſtance ſailed given; to find the 
7: ference of Latitude, and the Departure from the Meridian. 


Example, Admit à Ship runs 406 Minutes S. W. by W. 
in the Lizard in 50d. oom. North Latitude: I demand 

"the Latitude ſhe is. in, and how far ſhe 15 rs. om the 
Wleric lan? 

5 That in all Problems of Mie Aon, make the upper 
End of the Book, Or Slate to be the North ; then the Right- 
h anc i: the Faſt, the Left hand the Welt, "nl the lower End 
15 the 5 South. Then, 


Zo delineate this Problem by :he Plain Scale. 


Dm aw the Meridian AB (Plate 2. Fig. q.) towards the 
Rio band, when the Courſe is Weſterly, 1 when Eaſterly | 
towards the Left-hand; and put A at the upper End when 
the Courſe 18 Scutherly, but at the lower End when it's 
Northerly. | 

2. W ith a Chord of 60 Degrees and one Foot on A, de- 
icribe an Arch; on that Arch lay 5 Rumbs (becauſe S. W. by 
W. is 5 Points from the South) taken from che Scale of Rumbs, 
and by it draw a Line 

3. From any Scale of Equal Parts, lake the Diſtance run 
296 Minutes, and lay it from A to C; then A repreſents the 
Place failed from, C the Place the Ship | is come to. 
4, om © let fall the Perpendicular CB, to cut the Meri- 
_ Gian in B, aud it's done. Then meature AB, and BC on the 

lam? Scale of Equal Parts, that AC was taken from, will ſhew 
how much the Difference of Latitude, and Departure from the 
Merician is, by the Plain Scale. 

Theſe Directions with the following Explanation being well 
conſidèered, will ſhew how to delineate, and anſwer any of the 
Sx Ca/e; of Plain Sailing by the Plain Scale: Therefore J omit 
the De}: neations in the five following Caſes ; having given ſuf- 
icient Directions to make any Rectangle Plain- Triangle in Pro- 


blems IC, If, 12, and 1 3 of Practical Geometry, and ſuch are 
A the Caſes. in this Part of Plain- Sailing. 
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Subuatt, giveth Latitude the Ship is in, —450. 24m. 1 


66 g Plain- Sailing, the firſt Part, Chap. III. 


This Right-Angle Triangle ABC, (Plate 2. Fig. 9.) may be 
made by Prob. 10. of Geometry; in which Note; 

1. The Hypotenuſe AC repreſents (the Point of the Com- 
paſs the Ship hath ſteered, and) the Ship's Diſtance run. 

2. The Leg AB, (the Meridian, that is, the North or South 
Point of the Com paſs) the Difference of Latitude. 

3. The Leg BC, (the Eaſt or Weſt Point of the Compats, and 
2 Parallel of Latitude) the Departure from the Meridian, 

4. The Angle BAC, (the Angle of) the Ship's Courſe. 

5. The Angle ACB, (the Angle 00 the Complement of the 


Ship's Courſe. 


Note, The Angle that the Point of the Compaſs (ſteered by, 


or upon) maketh with the Meridian, or North, and South 


Point of the Coinpais, is called the Angle of the Ship? s Courſe, 


| and the Angle it maketh with the Eaſt, or Weſt Point, is the 
_ Complement of the Courſe. . 


The Cour/e in this Example being S. W. by W. is 5 Points 


from the South, or Meridian, and makes 56d. 15m. The Cn. 


plement of the Courſe is 3 Points ; that is, 5 3d. 45m. as may be 
ſeen in the Table, Intituled, 4 Table of the Ang ies which every 
Rumb (or Point of the Campaſi ) mahketh with the Meridian. At 


| the End of this Book, 


The Things thus explained, the Proportion (by Chapter 2. 5 
Section 2. Axiom 1. and Caſe 1. of Plain ee 71. 
ewe: in pages 36 and 37.) is as follows. | 


For the Difference 4 Latitude, theſe thres engen, „vx. 


jp Radius | S. c. Courſe Þ 3 
Sec. Courſe 2 Diſtance : 4 3 Radius + Diff, Lat. 
Sec. c. Courſe 


T. c. Courſe 
All theſe three Provertions may be . Me." the Log» 
rithms, but I only work the firſt. 


By Gunter: Scale. 


Radius · Diſtance 8. c. Courſe -- Difference of Latitude. 
S. 8 Points. 496 Min: :S. 3 Points .. Min. 275.6 Tenths. 
Latitude failed from, i 3 oom. North. 

The Diff. of Latitude, Min. 275. 6 or 04d. _ 


2. V 


Sec. I ; Plain Sailing, the Firſt Part. 61 


F af the Departure, theſe three Proportions, vix. 


Radius _ C'S. Courſe 
Sec. Courſe a Diſtance:: 57 Coe ” Departure. 
Sec. c. Courſe / „%% OO #05 
= The firſt of theſe by Gunter's Scale. 

__ 7: - Diſtance : : S. Courſe -- Depart, from the Merid. 
83 points. 496 Min.: : 8. 5 Points. Minutes 412.4 Tenths. 
So that the Departure from the Meridian is Minutes 412.4 

'Tenths, which makes 6d. 52m. Meridian-Diſtanee Weſt. 


Problem er Caſe 2. Courſe and Difference of Latitude given, to 
find the Diſtance run, and the Departure from the Meridian. 


> NEE SC 
3 n 8 Te 2 


= -/:::5/:;. If a Ship runneth S. E. by E. from 1d. 45m. North 
1 :titudc, and then (by Obſervation) is in 2d. 5om. South Lati- 
we. What is her Diſtance and Departure? Plate 2. Fig. 10. 
This Triangle ABC may be made by Prob. 12. of Geometry. 
la +his Example, having the Latitude the Ship failed from, and 
Latitude ſhe is in by Obſervation, there are the Latitudes of 
two Places given ; and by the Second General Rule, in page 58. 
the Difference of Latitude is found, as followeth 
: Latitude failed fromm — _—_—_ id. 45m. North 5 
Latituds by Obſervation, is — — 2d. gom. South 


Mm 655 LTC 


The Diſterence of Latitude, is — 4d. 35m. or 275 
Minutes ; found by multiplying by 60, the Minutes in a Degree. 
e, For the Diſtance the Proportion may be this; 
$0. Courſe -» Diff. Lat.: ; Radius + Diſtance. 
Zoints 275 Min.:: S. 8 Points. 495 Minutes, 

2d, For the Departure, this; ; 
8. c. Courſe . Diff. Lat. : 8. Courſe +» Departure. | 
S, 3 FPouus 27g Min.: : S. 5 Points 412 Minutes: Or 6d. 
52m, Eaſting ; that is, the Ship is ſo much to the Eaſtward of 
the Meridian of the Place ſhe failed from. : 


Problem, ur Caſe 3. | Curſe, and Departure from the Meridian 
$1021 ; fe find the Diſtance, and Difference of Latituds. 


Example. Tf a Ship faits N. E. by E. fromia Port in 3d. 15m. 
South, Latitude, until ſhe depart her firſt Meridian 412 Min, I 
Oman e Diſtance, and what Latitude ſhe is in ? Plate 2. Fig. 
| 41, 1:1 Triangle may be made by Prob. 12. of Geometry, 


1. For 


1 62 Plain Sailing, the Firſt Part. Chap. III. 
Lt e 12, For the Diſtance, the W. is this. 
. S. Courſe -- Departure : : Radius. Diſtance, 
S. 5 Points . 412 Min. 2:8. 8 Points .. Min. 495.5 Tenths, 
234, For the Difference of Latitude, this; 
S. Courſe . Departure : : S. c. Courſe · Diff. Latitude. 


S. 5 Points. 412 Min. : : S. 3 Points . 275 Minutes, which 


| being reduced, is 4 Degrees 35 Minutes Northing, by which 
find the Latitude the Ship i Is in, as here-under. | 


Latitude failed from, is —  . In. South. 
Difterence of Latitude, is 275 Min. or — 4d. 45m. North, 


Subtract, giveth the Latitude the Ship is in 1d. 20m. + North, | 
having croſs d the Equator, 


1 


Problem » or Caſe 4. Diftance, and Difference of a given; 
1 to find the Courſe, and Departure. 


N Enel "Suppoſe a Ship fails 496 Min. between the South 
and the Weſt, from a Port in 2d. 48m. South Latitude ; and 
then by Obſervation is in 7d. 23m. South Latitude . What 


Courſe hath ſhe ſteered, and what Departure hath ſhe made? f ; 


Plate 2. Fig. 12. This Triangle 7 | be made by Prob. 11. 
of Geometry. | 
By the two Latitudes mentioned in this Example, find the 
Difference of Latitude, as followeth, 
Latitude failed from, i — 48m. South. 
Latitude by Obſervation, is — 7d, 2.30. South, 


ht Rs. ao. 


: Subtract, gives the Diff. of Latitude] 4d. oooh or 270 
1/7, For the Courſe, ay Proportion is, \ 
Diſtance Radius:: Diff, Lat.. S. c. Courſe. 
496 Min. . S. god. : : 275 Min.. S. 33d. 4om. 
Which ſubtract from god. the Remainder 56d. 20m. is fs 
Courſe, which makes 5 Points neareſt 3 or SW * W. for the 
Sbip's Courſe. 
- a6 4M Proportion for the Departure, is, 
Radius . Diſtance : : 8. Courſe Departure. 
S. 90d. 496 Min. : : S. 56d, 20m .. 412 Minutes. 
Problem, or Caſe 5. Diſtante and Denby ven; to find har 
Courſe and Difference of at, 
Example. Admit a Ship ſails 496 Minutes between the North 
and the Weſt, from the Iſland Bermudas, in Latitude 32d 30m. 


North, until her Departure is 412 Minutes; what Gu 
4 | 
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de ſteer'd? And what Latitude is ſhe in? Plate 2. Fig. 
F 3. This Triangle may be made by Prob. 11. of Geometry. 
1½, For the Courſe take this Proportion. 

W 0:54; . Kadius: : Departure +- S. Courſe. 
= 40min. S. 90d.:: 412 min. . . S. 56d. 1om. N. Weſterly. 
ic, 5 Points, which makes the Courſe to be N. W. by W. 
| -  - _ 2d, For the Dilference of Latitude. 
W {2 1dius -- Diſtance : : S. c. Courſe · Difference of Latitude 

d. 40 min.: : S. 33d. Som... 275 min. or 4d. 35m. 


% 


W Lititude failed from — — — 32 : 30 North. 
Þitfcrence of Latitude 275 Minutes, or — 4: 35 


Lade the Ship is in — 7 : 0; North. 


problem, or Caſe 6. Difference of Latitude, and Departure 
ziven ; to find the Courſe, and Diſtance. 7 

Exanibie, If a Ship's Southing be 275 Minutes, and her 
ating 412 Minutes, What is her Courſe and Diſtance? Plate 2. 
Fiz, 14. This Triangle may be made by Prob. 13. of Geometry. 
I, For the Courſe, take this Proportion. | 

Dif. Lat. Departure : : Radius. T. Courſe, - 
275 Min 412 Min.:: T. 45d... T. 50d. 17m. South- 
ach, or 5 Points, which makes the Courſe to be S. E. by E. 

eareſt. % ule = ny, vo re þ 
24, For the Diſtance, this Proportion. 

S. Courſe +» Departure; : Radius . Diſtance, 

8. 56d. 19m. ++ 412 Min.:: S. god. +. 495 Min. 
The tix preceding Problems are the common Caſes of Plain 
ing; which the Learner ought to be well acquainted with: 
W 2nd tor hat End 1 here add fix more for Practice, whoſe An- 
| tiers may be found by the foregoing Rules. 07 

Queſtion 1, A Ship in 2d. 10m. South Latitude, ſails N. by E. 
dg ieagues : Il hat Latitude is ſbe in; And what is her Departure? > 

Auto. Latitude 2d. 12m. North, and Departure Leagues 14 
17 and 35 parts of a Hundred. ; Ne rg 14 
Veſtion 2. A Ship ſailing && M. from a Port in 41d. 30m. 
orth Latitude; and then by Obſervation, the Ship is in 36d. 57m, 
North Latitude: 1 demand the Diftance Run, and Departure? 


: 4%. Distance Run, 98 Leagues 5 Tenths, Departure 
: Leagues 37.9 Tentss. | 

* | eien : : | | 
4 Queſtion 2 A Ship fails S8IF. half WW, from ad. zom South 


Ln, : 


14 | he N 8 ; 
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\ Latitude, until the Departure be 59 Leagues : I demand ler 

Diſtance Run, and the Latitude ſhe is in ? 

Auſiu. Diſtance Run 125 Leagues, Latitude 8d. orm. South, 
Pet. 4. If a Ship faileth 360 min. South Weſtward, from | 

219. 50m. South Latitude, until (by Obſervation) ſhe be in 2, 

49m. South Latitude: What is her Courſe; and epatture? 
Auſiv. Courſe is SW by W. half W. and Departure from the 

Meridian is 318 Minutes. 

AQueſt. 5. Suppoſe a Ship allet 54 min. North Eaftwad: 

from 2d. qm. South Latitude, until her Departure be 150 min, 

What is her Courſe, and Latitude ſhe is in? , 

Anſw. Courſe is NNE. 4 Eaft neareſt, and Latitude the Sh 
is in, is 2d. 8m. North. 

, Veſt. 6. Sailing between the North and the Weſt, from 
Port in 1d. 59m. South Latitude, and then arriving at another 
Port zd. o8m. North Latitude, which is 209 min: to the 

_ Weſtward of the firſt Port: I demand the Courſe, and Diſtance 

from the firſt Port to the fecond. 

Auſiv. Courſe is NW. by N, and Diſtance of the Ports 371 
Minutes, or Leagues 123 ,. 

So much for the firſt Part of Plain-Sailing Traverſe is next 

in order. 


Section IV. Plus Sal, the ſecond part; Serving how i4 
reſolve. a Traverſe, or bring ſeveral Courſes into one. 


| H Aving learn'd thoſe neceſſary Problems concerning a ſingle 
; Courſe, the next in order is a Compound Courſe, commonly 
called a Traver/e ; in order to the right enen thereof, 
obſerve the following Definitions. 
1. A Traverſe, is when a Ship (meeting with A contrary 
Wind) ſaileth on ſeveral Courſes in 24 Hours. 
2. To reſolve a Traverſe, is to reduce or bring ſevera! Couples 
into one; the Courſes are known by the Compaſs, and the D- 
ſtance by the Log, which in common Voyages is heay's once 
in two Hours, but to the Eaſt- Indies every Hour. 
The Log, is a, piece of Wood about ſeven Inches long, in 
fork like a Flounder, with the.Head cut off, and fo faſtned » 
a ſmal! Cord (or Line called the Logrline) at one End, Les 
10 much Lead at the other, that when it's put into the _, ' 
may fwim upright, or end-wiſe. 
5 The Log-ine, is divided into equal Spaces, called Kut 
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Knot. Now the Le lin- being wound on a Reel, and the 


Log put into the Sea; if the Log-/ine be veered out fo faſt as 
the Ship ſails, then look how many Knots are 'veered out in 
half a Minute's Time: So many Miles or Minutes doth the 


Ship run in one Hour. 


= 


9. One ok theſe Miles contain 6000 Feet, and is greater than 
a Statute or common Mile, that being but 5000 Feet; of which 


about 69+ (on the Meridian, or any great Circle) is a Degree; 
but in the Practice of Navigation, 60 Miles or Minutes ate 
counted for a Degree, therefore I call them Minutes. $073 


6. In the Steerage, or ſome convenient Place of the Ship, 
hangeth a Table called the Log-Board, divided into 5 Co- 


lumns 3 wherein are written the Hours of the Day, Courſes 
ſteered, | Knots, &:c. veered out; and laſtly, the Winds; as in 
the Table following. . 


— PW "Oy an" 1 "Wa 
| | 1 
The Form of the Log- 
NY Bo 
— —— — en ener an once 


\Courſes or Points. 
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by ſomething faſtened to it, at every 50 Feet diſtance for 4 
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66 Plan- Sailing, the Second Part. Chap. III. 
VWVote, The Column for Courſes is made ſometimes juſt be- 
fore the Column for the Winds, and then the oth narrow 
Columns ſtand together, 

7. The Day begins and ends at Noon; that is, from Noon 
to . is the Length of the Day. 

8. Every Day at Noon the Lag boars ought to. 1 Copied 
into à Lag- boot, ruled like the Leg-beard: Then muſt be cit 
up how much the Ship hath failed on each Courſe, 
9. If the Ship fails by a Wind, it's uſual to allow one Point 
for Leeward way; ſo that when the Ship is cloſe haled, and 
lieth 55 Points from the Wind, yet her Courſe corrected i 
z Points from the Wind. 

10. The ſeveral Courſes (being corrected) and Diſtances, are 

to be brought into one Courſe and Diſtance z which is called R. 
ſolving @ Traverſe, and to lay it down by Scale and Compaſſes, 

take the four following Rules, which give the Points that are 

between each Courſe, called the Angle between both Courſes. 
Rule 1. Two Meridians, and two Parallels; the leffer I 
Courſe ſubtracted: from the greater, gives the As between 
both Courſes. | 
Rule 2. 1 wo Meridians, and one Parallel; add both Cour- 

ſes = ether, | 
3. One Meridian, and two Parallels * ſubtract the 
5 ik of back Courſes from 16 Points. | 
| Rule 4. One Meridian, and one parallel; add 8 Points, 

the leler Courſe, and the Complement of the greater together ;. 
the Sum is the ſaid Angle. 

Note 1, North and South are called Meridians, and Eat and 
Weſt are called Parallels. | 

2. By Complement of the greater Courle, underſtand how 
much it wants of 8 Points. ; 
3. To know the Meridians, and Parallels, the firſt and ſe- 

cond Courſes are compared together, and the fecond and third, 
and the third and fourth, S. . 


Example, A Shi bp bound to a certain Port, meeting with con- 
trary Winds, fails firſt SZ. by S. 67 Minutes; then J by E. 
3; then NN 45; then NE by N. 74; then Veſt 57, and 

then 8 by E. 83 ae; I demand the Difference of Latitude, 
Departure from the Meridian, and gdire& Courſe, and Diſtance 
rom the fuſt Place — k T5 te 2. Fig. 1 5: 


I. Set 


CY 


Set. V. 


ing down: Again, comp 


6 , p : 


from the Meridian, &c. as in the nn. — 


»} 8 


| > PS: 192 0 . Latitude Departure in 
Curse in Minutes. Minutes, | 

| 90 8 S. — : V 1 | 

b BEE ee ee 

| --|SF E. by 78 67 3 3 * 582. q 37-2 7 
2E. by Els) 5424 29.4 . 

| 4\NE. byN. 234 3 361.31 — [. og 

235 Weſt n Meth | * 37.0 
"6. Sby E. 831 1 ny. ot g 81.4 16.2 e, 

dum'd up ——- Din | 238-6 | * 
I GWautract— — 61.5 986 | | 
j 2 Difference of Latinude— ; 122.2 | 40.0 _Depart. | 


6 In the fifth Calan put BY points for laying 3 
which are found by the four Rules foreging : For the firſt 
Courſe always is the fame with the Points from the Meridian ; 


For the ſecond Courſe it's 14 Points, found by comparing the 
br and ſecond Courſes together, in which is one Meridian and 
one Parallel; and by the 4h Rule it makes 14 Points for lay- 


3- By theſe Points for laying down, it's eaſy to delineate the 
Traverſe z as you ſee in Plate 2. Fig. tg. which is thus. 
Hirt, Draw the Meridian AB, and on A draw an Arch, 


| with the Chord of 60 degrees, on which Arch lay 3 Points; 
by i: draw a 8. E. by S. Line, laying thereon (from A) 67 Mi- 


nies, the Diſtance run 8. E. by 8. 
 *-condly, With a Chord of 60 Degrees, and one Foot at the end 
0e 8. E. by 8. Line, draw an Arch, on which lay 14 Points: 
That is, ike 7 Rumbs om a ras of Rumbs, and * it twice 
3 on 


Phain-Sailing, the Second % 
1. Set don the ſeveral Courſes and Diſtances, with the points 
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the fecond and third Courſes, rf $ 
oh, Meridian and two Parallels, which by the third Rule makes 
5 Points for laying down: Again, the third and fourth Courſe 
conpared, it's two Meridians and two Parallels ; which, by the 
fuſt Rule makes 3 Points for laying down; and * for che reſt * 
as in the foregoing Table. 
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on the faid Arch; by it and the end of the SE bs S. Line, draw 
2 S.E. by E. Line, making it 53 Minutes long, ſo the ſecond 
Courſe is * finiſhed. 
Thirdly, At the end of the S E by E. Line, in like manner 
with the Chord of 60 Degrees, draw an Arch, and thereon lay 
s Points, by which and the end of the 8. E. by: E. Line draw 
the WSW. Line, 45 Minutes long. 
Wurtbhy, After the ſame manner draw the N. E. by N. Line 
74 Minutes long: Then the Weſt Line 57 Minutes long. 
| Noa then the S by E. Li ine, 83 Mmutes long, ending i in C, the 
place where the Ship now is. 
Laſtly, Draw a Line from C to A (the place the Ship de- 
_ parted from) and from C let fall the Perpendicular BC; then 
is AC the Ship's Diſtance from the place of Departure, AB her 
Difference of Latitude, and BC her Departure from her firſt 
Meridian, each being meaſured on the fame Scale the other 
Lines were taken from, will ſhew how much they are ſeverally, 
and the Angle BAC meaſured on the Scale of Chords or Rumb:, 
ſhews her Courſe. 
4. Then by Prob. 1. Jeck. 3. of this Chap. find the Difference 
f Lok e, and Departure from the Meridian, for thoſe Courſes 
and Diſtances ſeverally; that is, by the Firſt Cafe of Plain 
Sailing, waving the Courſe and Diſtance run given ; to find the 
Difference of Latitude, and the Departure from the Meridian ; and 
that for each given Courſe ; which place in their proper Co- 


lumns, thus : If the Courſe be North Eaſterly, put the Diffe- i 


rence of Latitude in the North Column, under {North ;} | 
and the Departure in the Eaſt Column, under (Eaſt:) If the 
Courſe be South Eaſterly, then put the Difference of Latitude 
in the South Column, and the Deperture in the Eaſt Column; 
if South Weſterly, then in the South and Weſt Columns; and 
if North Weſterly, then in the North and Weſt Columns. 1 
As for Example. The Fir Courſe in the foregoing Traverſ⸗ 
is S. E. by S. that is, South Eaſterly; the Difference of Lati- 
tude, Minutes 35.7, place in the South Column; and the De- 
parture, Minutes 37. 2 put in the Eaſt Column: as in the Table 
foregoing. The like obſerve for all the reſt. 
Note, When the Courſe is E. W. N. or S. the Diftance 
ſail'd then place in the Eaſt, Weſt, Nerth or South Columns 
as here the Fifth Courſe is W. the Diſtance 57 Minutes is placed 
in the Weſt Column, as "_ ſee above in the N 


x Haying 


Set. ly. Plain Sailing, the Sond Parr: 


5. Having found the Difference of Latitude, and Departure 
from the Meridian for each Courſe, and placed them in their 


proper Columns; add. up the North, South, Eaft, and Feſt Co- 


lumns, and ſubtract the North and South Columns, the one from 
the other, that is, the leaſt from the greateſt, for the Difference 
of Latitude ; in like manner, the Ea, and Veſt Columns for 
the Departure: As in the foregoing Table, the Sum of the 


Worth Column 64.5, ſubtract from the Sum of the South Column 
183.7, the Remainder 122.2 is the Difference of Latitude South- 
erh: And the Sum of the Ve Column 98.6, ſubtracted from the 


Sum of the Eaſt Column 138.7, the Remainder 40. fy is the 0 


Departure from the Meridian Eaſterly. 
6. Then having found the Difference of Latitude, and De- 


parture from the Meridian, the Courſe and Diſtance may be 
found by Problem C. Section 2. of this Chapter, And in this Ex- 


_ ample, the Difference of Latitude being Minutes 122.2 Southerly, 
and the Departure Minutes 40.1 Eaſterly, the Courſe will be 
South 18d. 7m. Eaſterly ; that is, J. by E. 1 E. almoſt, and 
che Diſtance Minutes 128.7, which was required. 


After this manner may you work any Traverſe; and for the 
Learner's Practice, I ſubjoin the following Examples. 3, 


Example 2. Suppoſe in 24 Hours a Ship ſaileth as follows, 4 


SW by * Minutes, S. 35% . WNW W. 32. SW. 39. SE. 9. 

and E. 8 

Departure from the Meridian, direct Courſe and Diftance ? 
Anfww. Difference of Latitude Minutes 67.9 Southerly, De- 

parture Minutes 42.8 Weſterly, Courſe is South 32d, 1 5m. 

Weſterly, or SW by S. neareſt, Diſtance Minutes 80,3 Tenths. 


os, If a Ship faileth (by the Log-board) in 24 Hours as | 
follows, NI IF. $82 Min. 58105 E by S. 92. NNW. 126.8 
nutes What: is her Difference 


by W. 47. and NE by N. 78 
of Latitude, Departure, dire Courſe, and Diſtance run ? 


Anſiv. Difference of Latitude Minutes 141.) Northerly, 
Departure Minutes 55.6 Eaſterly, Courſe is North 21d. 2m. | 


Faſterly, or NNE. neareſt, Diſtance Minutes « 52.2, 


Exampie 4. If a Ship faileth W. by 8. 87 Min. N. 46. SSE. | 
7 E. 83. NW. by W. 79. NE by E. 37. and NW by N. 64 


am. I demand her Difference of Latitude, Departure, direct 
Courſe, and Diſtance run? 


Anfw, The Difference of Latitude Minutes 88.5 Northerly; | 
1 Veparture Minutes 15 5 Weſterly, Courſe is North 17d, 15m. 


Weſterly, or N. by W. half = neareſt, Diftance 93 Minutes. 


al. ME Example, 
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11 Minutes: Wha : is her Difference of Latitude, ; 
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Example 5. A Ship ſaileth as follows, NNE. 55 min. N. 
3. 96. & by E. 1 E. 57, WSW EW. 89. NE. by N. 1 E. 100. 
Su by W 3H. 54. and N by E. zom. What is her difference of 
Latitude, Departure, direct Courſe, and Diſtance run? 
Anſto. Difference of Latitude min. 131.8 Northefly, De- 
parture minutes 92.1 Weſterly, .Courſe, 34d. 56m. North 
Weſterly, or NW by N. neareſt, Diſtance 161 Minutes, | 
 Examp. 6. A Ship in 46d. 24m, South I atitude, faileth by the 
Log: board in 24 Hours SE. 8 min. SW byW + W. 6. NE. by E. 
5. WNW half W. q. NW. 4. ESE. E. 3. S. by E. 5. NNE, halt 
E 4. and E. 7 min. What is her difference of Latitude, Departure, 
direct Courſe, Diſtance run, and Latitude {he is in? | 
Anfw. Difference of Latitude my) I. H Sputherly, Departure 
min. 6.17 Eaſterly, Courſe is South,5 dN, Eaſterly or S E. 
29m South. 


5 E. Diſtance Run, min. 5.71, and Latiftyudag 
 Examp. 7. Admit a Ship in 1d. zom. North Latitude, f bo 
NNE. 6 min. SE by S. half E. 5. NE. by E. half E. 4. WNW...” 
SW. 8. SW by 8 half W. . NW by N. 4. ENE, 5. SW. 7. 


and SE, by E 5 min. I demand her difference of Latitude, Depar- 


ture, direct Courſe, Diſtance run, and what Latitude ſhe is in? 
Anſio. Difference ot Latitude minutes 2.40 Southerly, De- 
parture min. 1.59 Weſterly, Courſe is South 33d. 31m. 
Weſterly, or SW by S. Diſtance minutes 2.88, and Latitude ſhe 
is in 1d. 28m. North, © Ty BOL, 

Thus much for the Second Part of Plain Sailing, called a Tra- 
ver ſe, we go on to the Ule of an Oblique Triangle in Plain Sailing. 


Sect. V. Plain Sailing the third Part, or the Doctrine of Obligue 
| Plain Triangles applied in Problems of Sailing by the Plain-Chart, 
| A Ltho* this Part of Plain Sailing is the leaſt uſeful, and moſt 
21 difficult; yet for the Learner's Diverſion I will add ſome _ 
I os be e 5 
Prob. 1. Suppoſe two Ports lie North and South, and a Ship fails 
from the Northermoſt SZ. 68 Min. another from the Souther- 
moſt fails NE by N. till ſhe meets the firſt Ship: I demand the 
Diſtance of theſe Ports, and the ſecond Ship's Diſtance run ? 
In the Oblique Triangle ADE, Plate 3. Fig. 1. 
Let A repreſent. the Northermoſt 1 Po; ly 
D the Southermoſt N oft, 


| The side E ne Dl, Sbip Courſe and Diſtance. | 


DE the ſecond 
E the Place where the two Ships meet. 
Here are two Angles and one Side given, and therefore by 
Chap. 2. Sect. 3. Prob. 5. Caſe 1. of Obligue- angles, in page 44: 
TOE A 1. For 


gect. v. Plain Sailing, the third Part. 7 
1. For the Side AD, the Diſtance of the two hows, the Pro- Ry 


portion by Axiom the 2d, „ 
S. ADE «Side AE: 8. 4E D. Side AD. Ee 
S. 3 Points · 68 Min. : : 8.9 Points .. Min. 120. f Tenths. 
Note ; When an Angle exceeds 8 Points, ſubtract it from 


16; as here, 9 Points being ſubtracted from 16, the Remaindar 


7 Points, is to be uſed inſtead of it. 


2. For the Side DE, the ſecond Ship 8 Diſtance, the Pro- 


portion by the ſaid Axiom, is, 
$8, ADE . Side AE: :S. DAE . Side „ 


8. 3 Points .. 68 Min. : : S. 4 Points. Min. 86.2 Tenthe. 


— Prob. 2. Suppoſe two "394 lie NE. and S. and a Ship fails 


from the Southermoſt ESE. 45 min. another from the Norther- 


moſt runs 72 min. and then meets the firſt Ship; I demand the 


Courſe ſteered by the laſt, and the Diſtance of the Ports * 
In the Oblique Triangle ADE. Plate 3. Fig. 2 
Let A repreſent the Southermoſt . 
D the Northermoſt -— 7p 9 


The Side { ZE, he irt— Tg Ship's Courſe and Ditance, 
che Place where the Ships meet. 


Here are two Sides and one Angle * given ; mn by 
Chap. 2. Sect. 3, Prob. 6. Caſe 2 and 3. of Oblique-angle in 


pages 44 and 45 


i. For the Angle ADE the ſecond Ship's Courſe, the Pro- 


portion by Axiom the 2d, * 
Side DE S. DAE : Side AE. 8. ADE. | 
72 Min. . S. 67d. 3om.:: : 45 Min. . S. 35d. 15m, which 


ibrraRt from S. W. 45d. makes the Courſe gd. 45 South 
Wetterly, or 8TH. 


2. For the Side AD, the Diſtance of the two Ports, the | 


Pre ( Por tion by the ſaid Axiom, 18 
3. PAE Side DE: 8. 4E D . Side AD. 5 
8. 67d. 3om. .. 72 Min. : : 8. 77d. 1 Im. 76 Minutes. 


Problem 3. Two Ships fail from a certain Road, one fails $SF. 


$0 Minutes, the other $8 W. 35 Minutes, 1 demand thewr ; 


Bearing and Diſtance? 


in the Oblique Triangle ADE. Plate 3 Fig. 3 
Let A repreſent the Road. 


AD the firſt — mg | 
The Side 3 AE the ſecond © Ship's Courſe and Diſtance. 


DE the Bearing and Diſtance of the two Ships. 


E 4 Here 
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and by Chap. 2. Sect. 3. Prob. 7. 


Here are two Sides, and one . * between them given; 
aſe 4 and g. of 1281 
Angles in page 45. 


1. For the Angles AED, and ADE ; by Axiom the third. 
1 Je 449 50 Min. From the three An gles 1 $0d,00M-. 


AE 35 Min. | Subtract the Angle DA E -—— 45d.oom, 
Sum Sides 85 Mm. Sum of 4 E D, and AD E—T3;d0 oom. 


Diff. Sides T5 Min. | The half Sum 4E D, and ADE 6574. 30m. 


Sum Sides . Diff. Sides: T. Sum Angles T. : Diff. Angles 


85 Minutes . 15 Min. :; T. 65d. zom. „T. 23d. 05m. 
The alf Diff. of the Angles 239. Rb 


Added, is the greater Angle Sed. 25m. AED. 
Subtracted, is the leſſer Angle 44d. 25m, N. ADE. 


which added to SSE. 22d. 3om. is South Eaſterly 66d. 5 5m. 4 


and Narth Weſterly 66d. 55m. that is, ESE. and WNW, 


> neareſt, is the bearing of the two Ships. 


2. For the Side DP, their Diſtance the Proportion by the 
2d Axiom. 
8. 4DE Side 4E: 8. DAE Side DE required. 


8. 44d. * . 4 oom. Min. 35-4 Nan. 


ö 23 4. Suppoſe 2 Shig fails NE. 50 8 then South 
Eaſterly 85 Leagues; and then forced back by foul Weather 


105 Leagues, to the Place from whence ſhe firſt failed : I de- 
mand her ſecond Courſe, and her laſt Courſe back LE 


In the Oblique Triangle ADE, Plate 3. Hg. * 
** A repreſent the Place failed from at firſt. 

ao 1 ſecond Place, and Side DE the 2d Courſe ind Dig. 
2 third Place, and Side EA the 39 Courſe and Diſt, 


vg i are three Sides given; and hy Chap, 2. Prob, 
g. Caſe 6. of Obliguangles, in pages 46 and 952 FP 


t. For FE the Difference of the Segments 4 B, and BE; ; 


_ the Proportion according to the 4th Axiom, Is, 


Leagues, - | 
Side ip DE 85]S14eAE -. fimDE&DA: : dif. DEN DA. E 75 15 
DA 50jtogLeage +» 13 5 Leagues: 35 Leagues. 45 Leap. 
Sum —— 1 35] 45 FE 1 FE Difference of the Segments AB, and BE. 
Diff. —- 351150 75 BE the greater Segment. 
bo ze half is 4 o 4B the leſſer Segment 
Side A. — 105 Leagues. 8 


7 


2. Fay 


* 
x , J 
g 


Sec. v. Plain Safting, thy third Part. 


2. For the Angles DAE, and AED, the Proportion by the 
firſt Axiom, is 15 | 


Hy potenuſe 4 D., Radius:: Leg 4B. S. c. DAB, or DAE. 


o Leagues .. S. god.: : 30 Leag.. S. 36d, 53m. 
| * from —— — Yd. OOM. 


© Reſteth Angle DE — 530. 07m: which 
being added to the VE. makes N. Eaſterly 98d. om. or S. 
Lafterly 81d. 53m- fo that the Courte from Z to 4, is W. by 


N. 4 W. back to the Place firſt failed from. And again; 


Aypotenuſe DE. Radius:: Leg B E. S. c. BED, or AED. 


2c Leagues -- S. god. : : 75 Leag. . S. 61d. 55m. 

Subtract from . 090d. com. 

Reſteth Angle AE D — 28d. 05M. 
Which ſubtract from the South Eaſterly 85d, 53m. leaveth 
£34. 45m. or S E,3 E. neareſt, for the ſecond Ship's Courſe 
from D to E. E Obes, LOOT . 

Theſe are the kinds of Obligue Queſtions, tho? Multitudes 


may be propoſed, of which here followeth a Taſte, to exerciſe. 


thc young Learner ; all of them to be reſolved by the foregoing. 


Problem 5. Suppoſe a Merchant-ſhip in 45d. zom. | North 


Latitude, falls into the Hands of Pyrates, who take away his 


Se2-Compaſs ; after which, he faileth as directly as he can 
/ Leagues between the South and Weſt, and at the end of two 
in 45d. zom. North Latitude, and had failed thence SE. by S. 

39 Leagues; now the Mercaant-ſhip left thoſe Pyrates lying 
| to and fro where they robbed him, and the Man of War being 
_ dchrous to find them; I demand what Courſe he muſt ſhape to 

ſpeak ta them? %%%%ö;õ»;öͤü id Nees Tg. e OY 


infiver, North 61d. Faſterly, or NE. by E, half E. the Man 


of War muſt ſteer to find the Pyrate. 


For this Problem is an Odlique Triangle; Two Sides and one 
Angle oppofite given, to find the Angle oppoſite to che other 


Side ; which Triangle is thus mde. 
i. Deſcribe a Circle with the Chord of 60 Degrees, and 


_ quarter it, on whoſe Diameter ſet N. E. S. W. and A at the 
Center ; but (always) N. at the upper part, and E. at the 


 Ri-ht-hand of the Circle. 
re the SÞ by 8, Line, (AD) 39 Leagues long. 


f 


1 5 


Days meets a Ship of War, who alſo had been the Day before 


. Then lay 3 Points from S towards E. en the Circle, and 


3 With « 


14 

4 

[ 11 

| 1} 
1 £ 

1 

.1Y 

2 


* 
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3. With 67 


Chap. III. 
Leagues, end one Foot on D, with the other 


Jn the Line WAE produced to the Eaftward) in C, the 


5 ** where the Ship fell in with the P 


4. Then draw a Line from C to es it's done: For A 
al C are both in the Latitude of 458. zom. and the Side Al 


repreſents the Man of War's Courſe and Diſtance, and the 


Side CD the Merchant Man's after he loft his Compaſs, ſo tht 
the Angle ACD being meaſured on the Scale of Chords, wil 


ſhew her Courſe from the Weſt, towards the South, the oppo- 
ie Point is the Man of War's Courſe North Eaſterly, to find 
the en | Ws 


Problem 6. Coaſting es Shore, 1 a t two Capes of Land; 


| the firſt did (by the Compaſs) bear N. the ſecond NI. ther 


a_ 


8 Diſtance. 


I ſtood away N by N. 9 Minutes, until the firſt bore from 


me E by S. and the ſecond 8 by E. the Bearing and W 


* them 15 required ? 


Anforr. South 38d. ogm. Weſterly, or 8IY/ by . half IF. 


and NE by N half E. neareſt, the Diſtance 3 is Minutes 6.22 Parts 


of a hundred. 
Note, In all Queſtions of this Nature, you muſt, a8 prept- 


rative Work, find the Diſtance of each Cape from the Ship, at 
Ht ſceing them, or at laſt ſetting them; which is evident by 


the Projection, Arc? ; 
1. Having drawn a Circle, quarter'd it, and placed the Letters 


* 8, E, W, and A; as directed in the laſt Problem, produce 


AN up higher, becauſe the firſt Cape's Bearing is North. | 
2. Lay 6 Points from N towards W, and draw the WNW. 
Line, for the ſecond Cape's Bearing. : | 


EY Lay 3 Points from N towards W, and draw the NW. by 
N. 


ine 9 Minutes long. from A to b, the Ship 8 Courſe and 


4. Then lay 7 Points from 8 towards E, and laying a 8:a/? 

on it, and A, draw an E by S. Line from D, parallel to the 
edge of the Scale, to cut the North Line in B, the firſt Cape. 

5. In like manner, lay t point from 8 towards E, and lay 2 
Scale on it, and A, draw a S. by E. Line from D, pa rallet to the 
edge of the Scale, to cut the WNW, Line in C, he f ſecond Cape. 

6. Draw a Line from B to C, and it's. done: For the Line 
BC repreſents the Bearing and Diſtance of the tros Capes, from 
each other, which being meaſured on the fame Scale, the Side 


'AD was taken . wil ſhew their Diſtance afunder, * And the 


Angle 
8 
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| Angle ABC, meaſured on the Scale of Chords or Rumbs, will ner 
their Bearing, which is South Weſterly, and North Eaſterly. 


But to find theſe Things by Trigonometry,. it's neceſſary to 


find the Sides AB and AC; or elſe the Sides DB and DC; 

which is done in two Oblique Triangles ABD, and AC", in 
| each, all the Angles, and one Side is given, to find a Side 

And Note, A repreſents the Place of the Ship at firſt ſeeing 
- the Capes, and D the Place at laft ſetting them. 
So that, when the Sides AB and AC, or DB ard DC, are 
ſound ; then is there either the Oblique Triangle BAC, or 
S BDC to work in; then BC (the Side common to both Tri- 
angles) with its agreeing Angles may be found, by which their 
Bearing and Diſtance from each other is diſcovered : And. in 
each Triangle there is two Sides and one Angle between them 
given, to find the other Angles, and third Side; which is to 
be wrought as the third Problem of this Section. 


Problem 7. Suppoſe a Ship ſailing MV. two Iſlands appear in 


the Ship hath failed 6 Minutes further, the firſt bears V. by 8. 
and the other NE, Their Bearing and Diſtance is required? 
infer. South 58d. 46m. Weſterly, or 8 V by W W. nd 
N Z by E. + E. Diſtance is Minutes g.7 Tenths. Found out 
a before in the laſt Problem, Oe 


Prob. 8. Three Ships fail from one Port, the firſt fails &. by 
IV. the ſecond FF by & half V. and the third NW. by JF, 8 min. 
then the firſt bears from the third & by . the ſecond bears from 
the third SS E. The firſt and ſecond Ship's Diftance failed, and 
their Bearing and Diſtance from each other is required? 

fer, Firſt Ship's Diſtance Minutes 10.45, ſecond's Di- 
| france Minutes 4.65, their Bearing North 37d. 14m. Eaſterh, or 

NEbyN. 3 E. and SH by S. 3 V. Diſtance Minutes 6.75. 
I bis alſo is wrought by the direction of the 6th Problem. 


Preh. 9. Admit failing along Shore, I ſee two Headlands, the 

| Eiftermoſt bears NNE. and the Weſtermoſt M. off me, at the 
ame time an Ifland bears S. then after I failed V. 8 Minutes the 

hrt did bear N. E. by E. half F. the ſecond N. N. E. and the 

land ESE. from me: The Bearing and Diſtance of theſe Places 

aach other is required? ; 9 

Hafi. The Head-lands bear North 88d. 53m. Nen, « 


= 


* 


ſight, one bears VNA. the other N. from the Ship, and when 


76 Plain Sailing, the third Part. Chap. III. 
Faft and W. neareſt, Diſtance Minutes 7.95. The Eaftermof 
Head-land bears from the Iſland, North 14d zom. Eaft, or 
N by E. a quarter Eaſt, and 8 by W. a quarter W. Diſtance Mi. 
nutes 9.15, and the Weſtermoſt Headland bears from the Iſland, 
North 32d. 1 5m. Weſt, or NW by N. and S E. by 8. Diſtance 
Minutes 10.6 Tenths. 

This is of the fame Nature with the ſixth Problem, only here 
are three Things to be found as peparative, viz. the Diflance 
of each Headland, and the Ifland from the Ship, and conſe- 
quently in three Triangles both in the preparative, and ſubſe- 
quent Work, Proportions are made, which makes up nine 
ſeveral Statings, to reſolve this Problem. A 

The next 4 Problems are uſed in turning to Windward, 


a IO. Suppoſe the Wind South, and a Ship is bound 
to a Port 400 Leagues directly to Windward, and makes ber 
way good within 65 points of the Wind. I demand her Di- 

Kance failed upon each Tack, to gain the faid Port? 


Anſio. $23 Leagues, is the Ship's Diſtance failed. on TS 
Tack. For I s thus projected by the Plain Scale, 
x. Deſcribe a Circle with the Chord of 60 Degrees, quarter 
it, and placle N. S. E. W. and A, as directed in Problem 5. 
2. Lay 400 Leagues on the Meridian, from A (Souther) to 
B, the Place the. Ship is bound unto.” 
3. From S. lay 62 Points towards E, and by it from A, draw 
the ESE. E. Line AC. 
4. Alſo lay 62 Points from S. towards W. and brig 4 2 
on it and A, aw a WSW W. Line from B, parallel to the 
Edge of the Scale, to cut the E S F. 1E. Line in fol the Place 
where the Ship tack'd, and it's done: 

For, A repreſents the Place the Ship ſail'd from, B the Port 
400 Leagues directly to Windward, AC equal to CB, the 
Ship's Diſtance fail'd on each Tack; which being meaſured on 
the fame Scale AB was taken from, will ſnew how much it :s. 

But to work it by Trigonometry, , in the Oblique Triangle 
ABC, all the Angles and one Side being given, the other 
ſides AC, and CB are found as in the Firft Problem of this 
Seftien : And becauſe two Angles are equal, the Sides oppoſite 


to them are alſo equal; therefore, one Proportion finds AC 
and CB. 


P;ob | 


* 
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Prob. 11. The Wind SW. at a Ship plying to Windwatd, 
{making one or many Boards) having run goo Leagues; that 
is, 450 with the Larboard Lack aboard, and 450 with her 
Starboard Tack aboard, it got 300 Leagues directly to Wind- 
ward: I demand how near the Wind {he makes her Way t | 


Anfio. 0d. 32M. or 64 Points from the Wind, Which i is 
thus celinemd by the Plain Scale, 


r. A Circle being deſcrib'd, 3 and letter 44, a$ hath 
been directed in the former Problems ; ; then lay 4 Pots, from 
8. towards W. and by it and A, draw a (SW.) Line 300 Leagues 
long, from A to B. 

2. With 450 Leagues (taken from the fame Scale AB was 
taken from) and one Foot on A, make an Arch; alſo with 
the ſame, and one Foot on B, croſs the former Arch WAA. 

2. From C, draw Lines to A and B, and it's done: For the 


̃ Angle BAC, equal to the Angle ABC, meafured on any Scale of 
Chords, ſhewing how near the Wind the Ship makes her way. 


But by Trigonometry, thus; In the Triangle ABC, all three 


Sides are given, to find the Angle, which may be done by the 
Fourth Problem of this Section. But, becauſe the Sides Ne and 
BC are equal, therefore let fall a Perpendicular from C to the 
| SW. Line AB, as AD, which cuts AB in the middle, making 
AD 150 Leagues equal to BD, and fo reduce the Oblique 
Triangle ABC into two equal Right-Angled Triangles, ADC | 
and BDC; whoſe Sides, and Angles in each Triangle are 
| -<qual to one another; ſo that one Proportion farveth to anſwer 
the Queſtion, _ 

For in the Right-Angled Triangle ADC, there is given the 
Hypotenuſe AC 450 Leagues, and Leg AD I 50 Leagues; to 
and the Angle CAD, which is equal to the Angle CBD {the : 

dps Courſe from the Wind) which is done by Note 2. of 
Axiom x, of Plain Trigonometry, thus, 
Hypot. AC.. Radius:: Leg AD S. ACD BCD 


450 Leag. .. S. god: : 150 Leag. . . S. 10d. 28m. 
Which tubtract ow — — _ g0d, oom. 


' Remainder is the Angle CAD ABC — 7od. 32M, or pe. 
the obip's Cours one | the Wind SW. 


Prob, 


484 Leagues Diſtance, the Wind 8 by E. and makes her Way 
good within 64 Points of the Wind. I demand how far ſhe 
muſt fail upon each Tack, to gain the Port? ls 


Anfiver. 690 Leagues on her Larboard Tack, and 228 


Leagues on her Starboard Tack, to arrive at the Port; which is 
thus demonſtrated by the Plain Scale. | 
1. The Circle deſcrib'd, quarter'd, c. as formerly, lay 
x Point from 8 towards E, and by it and A, draw a S. by E. 
Lme AB, repreſenting the Wind,  _ / 
2. From 8 towards W, lay 3 Points, and by it and A, draw 
a SW by S. Line 484 Leagues long, from A to C. 


3. From the Wind S. by E.) lay 64 Points towards W, and 


by it and A, draw a (SW by W. 2 W.) Line AD. | 

4. 8 65 Points from the Wind (S by E.) towards 
E, on which Punct and A, lay a Scale; then from C draw a 
(E. by S. E.) Line to cut the Wind, (S. by E.) Line in B, 
and the SW by W. 1 W. Line in D, and it's done. For AD, 
and DC repreſent the Ship's Diſtance failed on each Tack, 


which being meaſured on the fame Scale AC was taken from, 


will ſhew how much the Diſtance ſail'd on each Tack is. 


By Trigonometry it's thus: In the Oblique Triangle ACD, all 


the Angles and one Side is given; to find the other two Sides, 
which is done by the firſt Problem of this Section, in page 71. 
As S. ADC .. Side AC:: S. ACD «+ Side AD, 


55 8. 3⁴ Points 484 Leag. : 8. 101 Points +» 690 Leagues, i 


the Ship's Diſtance faiPd on her Larboard Tack. 
As S. ADC. . Side AC:: 8 CAD . Side CD. 


. 33 Points 90 484 Leag. . 8. 2% Points 328 2. | | , es, 5g | 


the Ship's Diſtance fail'd on the Starboard Tack. 


Problem 13. If two Ports lie SH by S. and NE. by N. Diſtance 
484 Minutes, the Wind & by E. and a Ship fails from the North- 
ermoſt Port cloſe upon a Wind 69g Minutes, with her Lar- 


board Tack aboard, and 332 with her Starboard Tack aboard, 


and then arrives at the Southermoſt Port. I demand how near 
the Wind ſhe makes her Way good upon each Tack? 


Anfiver. od. zom. on one Tack, and 70d. 40m. on t'other; 
which is 64 Points from the Wind; that is SW. by W. 3 W, 


wich her Larboard Tack, and E. by S. 4 E. with her Starboard 


Tack. | Which 


bo 
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Prob. 12. Admit a Ship bound to a Port that lieth 8. W. by 8. 


Set v. | Plain Sailing, the rd Parr. 79 
Which is thus demonſtrated by the Plain Scale. 


1. Deſcribe a Circle with a Chord of 60 Degrers, quarter 
it, "os as formerly, then lay three Points from S towards W. 


and by it and A, draw a S. W. by 8. Line 484 Minutes long, 5 


from A to B. \ 

2. Lay 1 Point from 8 towards E, and by it and A, draw 

the 8. by E. Line AC. 

2. Wich 695 Minutes (taken from the fame Scale AB was ta- 

— from) and one Foot on A, make an Arch; alſo with 332 
Minutes, and one Foot on B, 8200 the former Arch in D. 

4. From D, draw Lines to A and B, and continue the Line 
BD, 'till it cuts the S. by E. Line AC in C, and it's done: 
For the Angles DAC, 2 ACD meafured on the Scale of 
Chords or Rumbs, will ſhew how near the Wind the Ship 
makes her Way good on each Tack, 

By Trigonometry, it's thus: In the Oblique Triangle, ABD, 
al} the 3 Sides are given, to find the Angles ; that is, the Side ; 
AD 695 Minutes, Side AB 484, and Side BD 332; to find 
the a BAD and BDA; which is done by the Fourth re 
blen of this Section, in pages 72 and 73. 

Tie next Problems are concerning Currents. 


Prob. 14. Suppoſe a Current ſets NNE, 7 Minutes in a certain 
time, and a Ship fails 8 8 W. (by the Log) g Minutes in the 
{ame time; What is her true Courſe and Diſtance ? 

| Anſwer, SSW. is the Ships true Courle, and Diſtance two. 
Minutes : Which is evident b "> the Plain Scale, thus; 

1. Having done as formerly directed, in making a Circle, 

Cc. Lay 2 Points from 8 ons W, and by it and A draw a 

| SW. Line 9 Minutes long, from A to B. 

2. With 7 Minutes (taken from the ſame Scale AB was taken 
from) and one Foot on B, croſs the Line AB in C, fo that BC 


| may be NNE. and it's done: for AC meaſured on the fame 


Scale, ſheweth the Ship's true Diſtance. Or thus, 
From the Ship's ſuppoſed Diſtance 8 SW. g Min. AB. 

_ Subtract the Current's Motion NNE, 2 Min. B. 
Remains the Ship's true Diſtance ""SSW.” 2 Min. AC. 
The like i is done for the two next following Problems. 


Preh im 15. If a Current ſets E. 4 Min. an Hour, a Ship fails 
©. by the Log) 5 Minutes in an Hour: The Ship's true 
i Lowle and Diſtance is required? _ 

ger. The Ship's true Courſe is Eaſt, Diſtance 9 Minutes 
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Prob. 16. A Cutrent ſetting mon. 90 Mimtes i in #known 


dime, and a Ship failing ENE. (by the bs ) 60 Minutes i in the 
ame time: What is her true Courſe and Diſtance ? © 


Suso. WSW. 30 Minutes; ſo that ſhe is fallen a Stern. 
Prob. 17. Suppoſe a Current ſetteth Eaſt 2 Minutes an Hour, | 


and a Ship fails S. 60 Minutes an Hour ; t What's her true 
Courſe and Diſtance ? _ | 


Anfiv. South 18d. 26m. Eaſtetly or 8. by E. E. b the 
Ship” s true Courſe, Diſtance Minutes Gres. 


By the Plain Saab, it $ thus demonſtrated. | 
. Aﬀter a Circle is deſcribed, Ge. 2s formerly, then lay 


H 8 on the Meridian from A to B. 


2. Draw BC parallel to WAE, and thereon lay 2 Minute; 
from B (towards the Right-hand) to C. 

3. Then draw a Line from A to C, and it's done; for the 
Angle BAC is the Ship's true Courſe, and the Side AC her true 
Diſtance. 

By T1 rigonometry it's thus : The Triangle ABC i is a Night | 
angled Triangle, in which both Legs are given, the 'Leg AB 


6 Minutes, the Ship's ſuppoſed Diſtance, and the Leg BC | 


Minutes, the Current's Motion, to find the Angle BAC the | 


| Ship's true Courſe, and the Hypotenuſe AC her true Diſtance; : 


which is done by Axiom the Firſt, and Note 1, —_ 2. of Plain 


Nan, ometry, in page 36. 


5 ] 
5 like manner, Problem 18 and” 19 are performed. 


Prob. 18. If a Ship fails (five Days together) by the Log, SW. 
725 Minutes: In a Current that ſetteth (in the fame time) S. E. 
280 Minutes: What's the true Courſe and Diſtance ? 


Anfio. South 23d. 52m. Weſterly, or SSW. is the Ship's 


true Courſe, Diſtance 775 Minutes. 


Problem 19. Admit a Ship fails W. 7 30 Minutes, thwart 
a Current ſetting io the Southward ; and then, by Obſervation, 


frindeth the Difference of Latitude is 4d. or 240 Mittutes. 


demand her true Courſe and Diſtance ? 


Anſiv. South 71d. 48m. Weſterly, or WSW. + W. is the 
Ship's true Cour e, Diſtance 768 Minutes. 


Problem 
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Problem 2 20. r a $hip fails S. by E. 06; Minutes in a Current, 


and then arrive: at a Port which lieth from the Place ſbe 


departed from S. E. by S. Diſtance 54 e J demand 
the Current's Motion both in Quality and Ruantity ; 3 that is, 
Hiow it ſetteth, and haw faſt ? 


4 [nfiwer. The Current ſetteth Sout h 67 d. Som. Eaſt, or 
F. 8. E. is the Drift of the Current as \to Guality, and Minutes 
24.9 Tenths is its Drift as to Quantity, And is demonſtrated 
= by 5 Plain Scale, after this manner; 
as before, having deſcribed a Circle, Se. J Lay r Point 
* S. toward E. and by it and A, draw a8 by E. Line 
351 M_ long, from A to B. 
2. Lay 3 Points from S. towards E. and by it and A, draw 
a 8. 5 by 8. Line, 54 Minutes long, from A to GE 
Then draw a Line from B to Cc, and it's done: For the 
3 ACB meaſured (on the Scale) ſheweth. the Current's | 
Motion as to its Quality, which Way from the S. E. by S. and 
the Side BC meaſured (on the Scale) ſhewech the Current's Vo- 
ion, as tO its Quantity, how much, or how fait. 


But by Plain Trigonometry, tis thus, Wo 
| in tne Oblique Triangle ABCs there is given, two Sides, 
and an included Angle; that is, the Side AC 54 Minutes, the 
vide AB 36 Minutes, and the Angle BAC ** Points, equal 
to. 22d. zom. to find the Angles ABC, ACB, and the Side 


BC; which is wrought by Axiom the third, and is like the 
third Sroblem of this Section. 


l Problem 21, Suppoſe a Ship fails ws 2 certain Cape, dr Heed- 
| nd, and (by the. Log) in 24 Hours, runneth S. S. W. 49 Mi- 
mites, ina Current ſetting between the N. and the W. and 
| ther: the Cape did bear E. N. E. from the $hip, and by Obſerva- 
0M the Difference of Latitude was 30 Minutes , [ demand 

the Curreut's Motion; Phat 155 upen what Po: nt of the Cam- 
pals, and how fafl ? | 

Hieber. The Current ſets North 74. zm. Weſt, or w NW 
hilt W. neareſt, and at the Rate of Minutes 2. 32 an Hour, 
ind 1s thus demonſtrated by the Plain Scale. | 

. After the Circle is deſcribed, quarter'd, Sc. lay two 

Points from S. towards W. and by it and A, draw a S. S. W. 

Line 40 Minutes long, from A to B, 


Lay 6 Points S. towards W. and $a it and A, draw a 
WSW, and ENE. Line a. 


13 q. Lay - 


* ABC, (the Current's Motion from 8.8. 
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3. Lay 30 Minutes (on the Meridian) from A to D, f 
9055 D draw a Weſt Line Parallel to AW, to cut the W 8. W. 
Line in C. 

4. Then draw a Line from B to C, and it's done: For the 
Angle ABC being meaſured on the Scale, ſheweth the Current's 
Motion from S. S. W. and the Side BC being meaſured ſheweth 
how much the Current ſet the Ship. 

By Plain T1 3 it's thus ; 

1. In the Right Angle Triangle ADC, there is given, the 
Leg AD 30 Minutes, Angle PAC 6 Points, and Angle ACD 
2 Points; to find the Hypotenuſe AC, which is done by Axion 
the Firſt of Plain Trigonometry. 

2. Then in the Oblique Triangle ABC, there is given, the 
Side AB 49 Minutes, the Side A0 found before, and the in- 
cluded Anke BAC 4 Points, equal to Ho. to find the Angle 

on the Side Bc, 
it's Motion how much, which is ſolved by Axiom the zd, 15 
was the laſt Problem. 

Let this ſuffice for the Firſt Part of Navigation, commonly 
called Plain Sailing, (tho many more Problems might be in- 
vented.) HFright's- —_ is next in Order. 


Co H A PT K R N. 
The Second Part of Navigation, or the Dockrine cf Plain 
Right - Angle- Triangles, applied in Problems 0 


Mr. Wright's Sailing (vulgarly) called Mercator s 
SAILING, 


* Ss 


J TS neceffary to deſcribe Mr. Wright s Chart, 4 ſhew the 
Uſes thereof, before the Problems of Sailing by it, which 
by this Method wilt be the eaſier underſtood, 


Section I. The Deſcription and Uſe of Mr. Wright «Chart 


| * HIS Projection ſuppoſeth the Earth and Sea to make one 
round Body or Globe : In order to the right Underſtand- 
ing of which, obſerve the following Definitions. 

t. Upon this Earthly Globe are imagines two oppoſite Points, 
one called the North Poje, the och the South Pole; 28 P, 
and I. Plate 5. Fig. 1. 

2. In the Middle derwern thoſe two Poles, or equally di 
ſtrant from each, is drawn 2 Circle round the Globe, called the 

£ quater, | 


* 9H 2 4 vgs er ogy en ee rr ele. 2 
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Eguator, from which, Latitude taketh it's Beginning, and in 
which, Longitude is reckon'd ; as A AQ. UT LO 

3. Any Circle drawn through both Poles, is called a Meri- 
ain, as PMI, PNI, &c. anſwerable thereunto is atiy North 


| or South Line drawn in the Chart. 


4. Thoſe Circles which are parallel to the Equator, are called 
Parallels of Latitude ; as a/t, Z It, Sc. and are repreſented 
in the Chart by the Eaſt and Weſt Lines 5 

3. Latitude of a Place, is the (neareſt) Diſtanee of any Parallel 
_ paſing over it from the Equator; from thence counted both 
Ways to each Pole, ending in 90 Degrees, the greateſt Latitude. 
56. North Latitude, is on that Side the Equator towards the 
North Pole, and South Latitude on the other Side of the Equa- 
tor, toward f, Folge uu Ä, 
7 Difference of Latitude, is the (neareſt) Diſtance between any 


two Parallels, and ſheweth how far one Place is to the — 


ward or Southward of another, it never exceeds 180 Degre 
8. Longitude, is reckon'd in the Equator, round which (by 
ſome) it's counted encreaſing to the Eaſtward, till it end (where 


it firſt began) in 360 Degrees, the greateſt Longitude : Others 


(as Mr. Wakely, in his Mariners Compaſt Reftified) reckon it 
from one Meridian, both Eaſterly and Weſterly, till both Ac- 
counts meet at 180 Degrees in the oppoſite Meridian, as in the 
aforefaid Book, Longitude begins at the Meridian of London, 


and from thence is counted Eaſterly, Eaſt Longitude 180 De- 


grees ; and Weſterly, Weſt Longitude 180 Degrees, at which 
both Longitudes end. „ 0 


9. Difference of Longitude, is that Diſtance, or Portion of 


the Equator contained between the Meridians of any two Pla- 
ces, and ſheweth (in the Equator) how far the Meridian of 


one Place, is to the Eaſtward or Weſtward of the Meridian of 


another, and never exceeds 180 Degrees. 1 
rom theſe Definitions, or Principles, there muſt neceſſarily 
follow theſe Theorems. . 


i. The Diſtance of any two Meridians, in any Parallel of La- 


tude, is leſs than their Diſtance in the Equator, beeauſe all 


Meridians on the Globe meet in the Poles. 1 f 

2. The Degrees of Longitude diminiſh towards each Pole; 
and e nearer the Pole, the leſs they are, becauſe the Meridians 
branch nearer to one anothet, the farther you fail from the 
£04757, towards either Pole. 8 05 


= 4 ö 
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3. The Degrees of Latitude are equal in all Places, or Parts 
of che Globe. 

4. The Plain Chart, which connieth the Degrees (as well 
of Longitude, as of Latitude) in all Places to be . is no- 
toriouſly falſe. 

3. Mr. IPright $ Projection (commonly khown by the Name | 
of Mercator's Chart) wherein, (though the Degrees of Longi- 
tude are equal, having the Ning parallel to one another) 
the Degrees of Latitude are enlarged towards each Pole, in the 
fame Proportion as the Degrees of Longitude diminiſh on the 
Globe, will in all reſpects, agree with the Globe, and is a true 
may of Sailing. 

- Theſe Definitions and Theorems duly confer, there necds 
no more for the Deſcription of this Chart, it having only this 
Difference from the Plain Chart, before deſcribed in Chapter 1 
Section 2. in page 53. that the Equator is divided, and num- 
ber'd in Degrees, as the graduated Meridian is, and without any 
farther Deſcription, the Uſes are as follow. 


Fd 


Problem 1. To find the Latitude of any Place in the Chart. 


This was taught before (in the Uſe of the Plain Chart 1 in 
Page 54. and needs no further Rule or Example. 


Problem 2. To find the Longiraze of any Place i in the Cbart. 


The Rule 1. Take the neareſt Diſtance from the propoſed 
* to any Meridian. 
Move the Compaſſes (being kept at that Diſtance) with 

one > Foot on the Meridian, till both Feet come to the Equalor, 
aud the Foot which ſtood on the propoſed Place ſewer Is 
= Lorgiade required, 


Example. 1 demand the Longitude of the Lizard in Eng! ud? | 


Anſtoer. a 401. according to the old Way of computing 
the Longiti de from the Meridian of Pico Teneriff ; But 50, 
24m. Weſt Lo ngitude, counting Eat and Weit L,ongivade, 
_ from the Meridian of Landen, according to the Mariners's Cen- 
pass Rec“ fed. 


Nite; | 


gect. I. The Uſe of Mercator's Chart. 8; - 


Vote; Some Charts begin Longitude at the Lizard, counting 
om thence Eaſtward and Weſtward, 180 Degrees. 


Problem 3. Tp . the Courſe, or Bearing of any two Places 
in the Chart, \ 


8 is dene as before, in the Uſe of the Plain Chart, in 
nge 55, and needs no Example. 


-F Problem 4. To find the Diſtence of any two Places in the Chart. 


In this Problem are four Caſes; the two Places may be ſi- 
tua ed under one Meridian, under the Equator, or in one Parallel, 
or they may differ both in Latitude and Longitude. 


Cue 1. Two Places under one Meridian, (that is, difering onh 1 
in Latitude) being given, to find their Diſtance. 


7 hs Rule, Find the Difference of Latitude between the two 
giver; Places, and *tis the Diſtance required. 
: How to find the Difference of Latitude between the two 
Places, has been taught in * 3. Section 3. of bs Sailing, 


in page 58. * 


Caſe 2. Tio Pluceri in the E factor given, to find thei Diſtance, 


The Rule. Find the Difference of Longitude between them, 
and tis the Diſtance required. 


How to find the Difference of Longitude, will be thewed i in 


- the next Section, in page 89. 


Caſe 3. Two P laces in one Parallel, ( that i is, differing only in 
Longitude) being given, to find their Difius. 5 


The 3 ith Take the Diſtance between the, given LIP in 


the Compaſſes. 


2. Lay that Diſtance on x the graduated Meridian, fo that one 
Foo! may be as many Degrees above the Parallel of the given 


Flac es, as the other below it, there ſtay the Compaſſes. 


Coum the Degrees between the Feet of the Compaſſes, 
ind "ti the Diſtance required. 


Ty”. 


bxangle 1 demand the Diflance from the Lizard in England, 


2 Iſland on the Coaſi of Newfoundland, both being in 
Latitude of 50d, com. No rih, or neat it. 


3 : Here 
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klere, the Diſtance from the Lizard to Pengwin Iſland, appli- 

ed to the Meridian as directed, will reach from 36d. 3om. to. 

| 636. zom. the latter being as much above 50d. oom. as the for. 

mer is below it; and the Degrees intercepted are 27, or 540 
Leag. which is the Diſtance required. Or thus, 

Take the Length of a Degree in the given Latitude, as here 
from 49d. 30m. to god. 3om. turn that over in a ſtrait Line, 
from the Lizard to Pengwin Iſland, and jt's 27 times; which 
ſhews the Diſtance 29 Degrees, 25 before. 


Caſe 4. Two Places differing in Latitude and Longitude, * 
even JIG their Diftance. 


The Rule. 1. Take their Difference of Latitude from the 

Equator. 

2. Lay a Ruler on both given Places, apply that Diſtance 
to the Ruler's Edge, that when one Foot is placed cloſe to the 
Ruler, and the other turned about, it may juſt touch ſome Eaſt 

and Welt Line, crotled by the ſaid Ruler O Lice, there ſtay the 

Compaſſes. 

3 "Then the Diſtance (by the Ruler's Edge) from the Place 

where the Compaſles reſted, to that Place where the Ruler 

croſſeth the aforeſaid Faſt and Weſt Line, meaſured on the 


Equator, gveth the Diftance required, 


Example. 2 
I demand the Diſtance from the Lizard to the Jſand Barbados: 
The Lizard's Latitude is — ; od. oom. 3 
And Bar badges Latitude i IS — 1 -1 3d. oom. > 5 Froblem To 


Their Difference of Latitude 35d. Sm. 

Then take their Difference of Latitude 37 Deg. from the 
Equator, and laying a Ruler on both Places, wpply e one Foot of 
the Compaſſes ſo to the Ruler's Edge, that turning the other 
about, it may touch an Eaſt and Weſt Line, croſſed by the 
Ruler ; then the Diſtance (by the Ruler's Edge) from the Place 
where the Compaſſes reſted, to the Place where the Ruler crofſed 
the aforeſaid Eaſt and Weſt Line, meaſured on the Equator, 13 

56d. 45m. or 1135 Leagues, the Diſtance required. 

And here obſerve; the Meridian Line, and Line of equal 
Part next one another on the Gunter*s-Scale, the firſt is, or mY 
de the Meridian Line, and Degrees of Laiitude in a Mercarer's- 


Chart ; the latter, the Equator-Line, 8 Degrees of Dunne 
ws 
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Thus much for the Uſe of Mercator's-Chbart, Problems of 

3-iling by it are next; but firſt ſome n Problems in 

(reaghapby. | | 


Section I, Some 4 Crgriatbic Problems uſe il in 


Mercator's-Sailing. 


| P Heſe OO RE properly belong to Geography, but ae neceſ- 


fry in Sailing by Mr. Wright's (commonly called Merca- 
for's) Chart, and for that Reaſon are placed here. 


Vote; That all the Places mentioned in this Book, their Lati- 
i1des and Longitudes were taken from a Chart, Intituled, 
4 new and exact Chart, containing the Sea-Cooſt of Europe, 
Africa, and America; from England to Cape Bona Eſpe- 


Annce, and from New-found-land 79 the Straits of Megellan, 


according to Mr. Edward Wright's Projection, and publiſhed 
by William Mount and Thomas Page, on Tower-Hill. 


his Chart has been new made, and lately cries; 
„herein the Longitude of Places is reckoned from the Meri- 
dam of Londen, agreeing with the Mariner*s-Compaſi-Rettified : 
As for the Diſagreement that may be found between it and 
Tables of Latitude and Longitude in other Books, tis not 


to be regarded ; becauſe the Tables themſelves conſiderably 
er from one another, as may appear by the following 


Problems. | 
Problem 1. The Latitudes of two Places given; to find their 


Di of Latitude. 


Rule x. If the two Places are upon the fame Side of the E- 
quator, that is, both in North Latitude, or, both in South 
LCaltude; fubtratt the leſs Latitude from the greater, the Re- 

nainder is the Difference of Latitude. 

Rule 2. If one Place be on one Side of the Equator, and the 


order Place on t'other Side; that is, one Place in North La- 


titate, the other in South; add the two Latitudes together, 


aun: the Sum is the Difference of Latitude. 


Jbſerve 1. If a Ship fails from a great North Latitude to a 

lebe. ihe fails Southerly; and if a Ship fails from a leſs North 

dude to a greater, ſhe ſails Northerly, which is called 
ting the Pole, e 

F 4 ING 


> 


% 


38 Mercator's-Sailing. 2 Chap. IV. 
2. If a Ship fails from a great South Latitude to a leſs, ſhe 
ſai's vi taerly ; but if the fails from a leis South Latitude to a 


greater. ſhe - l Southerly 


3 Wh zen a Ship croſſes the Fquator, and ſails from Nd 


To 17 nt 855 the Diſſerer ce of Latitude is Souther} 


| ſhe fails from South Latitude into the North, ſhe: fl 
N. ney. 


Example I. I Temand the Di erence of Latitude Ain the 
Lizard and Iſland Barbadocs ? 


The Lizard ? | 3 
1. Berka 5 e 1 OH © nh 


Their Diff of Lotitude by Subtraction 1 is 8 35m. equal to 
2195 Minutes. 


Example 2. To find the Difference of Latitude between the 
Iſland Barbadoes and Ifland Sz. Helena. 


. Barbadoes 2. + . 13d. 25m. North. 
10 nd 985 Helena Fin Lattude “ —— — 16d. 03M. Souch. 
Their Dif, of Latitude by adding 2, is 0 28m. equal to 
1768 Minutes. VV 


problem 2. The n F one Pla 2, and the Difference of 
Latitude between thet and another Place being given, to find 
the Latilude wy the latter Place, er Latitude the Ship is in. 


The . 6 

The Latitude, and Diflerence of Latitude given, being of 

os Cane, their 0 = = L is the Latitude required. 
Or thus, in two Rules, 


(North = th? 


Rule 1. I. } South Lat. failing to the 4 oy JJ ward, add 


the Di es + of Latitude to the given ont the Sum 15 


the Latitude required, ot the ſame Name. 


Rule 2. In- Neue 5 Lat. ſailing to the South k2 ward, ſub- 


tract 'he [cf from the greater, the n is the required 


Latuu 75 of. tt — > Tan Name WW 1111 ! the ( bre 24ter, | 


5 Sar p! ©: 


va, 


f 
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* Fxample 1. Sailing from the Iſland Barbaddes North E aft- 
ward, until the Difference of Latitude be 372 Lau; ; What 


Latitude is the Ship in? 


1. Barbadees, Latitude is —— 1 2d. 2 5m, North. & 
be Difference of Lat. 372 Leag. or 18d. . Zorn: Northerly. 


n —_— * 


Ad, is the Latitude the Ship is in 32d. orm. Northerty. 


Example 2. From the Lizard, a Ship fails South TVeſtward, 
until the Difference of Latitude be 137 Leagues; What Lati- 
2 is the Ship in? 


The Lizard, Latitude 18s — cod. oom. North. 
1 e Difference of Lat. 137 Leag. or 6d. 51m. Southerly. 


The Lat. the Ship is in by Sub. is -——4.3d. ogm. North, 


Lan p e 2. From St. Helena 4 Ship fails North IFeftward, 


unt. the Difference of Latitude be 419 Leagues 3 ; bar La. 
 tituge is the Ship in! | 


i. St. Helena, Latitude is = d. 03m. South 
The Difference of Lat. 419 Leag: or * 200, 57m. Northerly. 


| 1 aritude the Ship! 18 in — — abs = 54m. North. 


Problem 3. The Longitude of two Places given ; ; to fond their 


Difference of Longitude. 


A Cording to the old Way of counting the Longitude, 
The Rule is thus ? 

Subtract the leſs Longitude frem the greater, the Remainder 
(if les than 180 Degrees) is the Difference of Longitude 3 
dane the Remainder be more than 180 Degrees, ſubtract it 
tom 360 Degrees, the laſt Remainder | is the Difference of Lon- 
ue, 
According to the new Way of counting the Longitude, 
a the Mariner's Combaſs Refiified, the Rule is thus; 5 
lt both Longitudes be Eaſt, or both Weſt, ſubtract the ef : 
om the greater, the Remainder i is the Difference of Longitu 
datei one be Eaſt, and the other Welt, add them 3 
nd the Sum (af it cond not 180 Degrees) is the Difference of 

e ; and when the Sum doth exceed 180 Degrees, 


"ub it from 360 Degrees, the Remainder i is the Difference 
"1 "zitude required. | 


Example 
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Example r. I demand the Difference of Longitude, between 
the Lizard and [lend Teneriffa, one of the Canary Iflands ? 
ö m. 
Lizard is — 9 42 
8 Teneriffa © 05 
Their Difference of Longitude by Subtraction, is — 9 42 
. 3 Lizard is — 5 24 W. 
Ae to the Mar. Compaſs, Lon. of 5 I. Teneriffa 17 ogW. 
"Their Difference of Longitude by Subtraction, is 1 47 W. 
The Difference of Longitude between theſe two Places, are 
very different in ſeveral Books, therefore all in this Book are 
taken from the Chart aforeſaid, or from the Mariner's Coma. 
Refified. WY | 
 Exampie 2. What's the Difference of Longitude between ih- 
Lizard, and J. Barbadoes ? 0 3 
1 1 A e C Lizard is— 5d. 24m. W. 
By the Moriner's Compaſs Longit. of 2 L Barbadoes 5 8d. om. W. 
Subtract, is the Difference of Longitude 52d, 40m. c- 
qual to 3160 Minutes. 0 


According to the old Account, Long. of 3 


Problem 4. To know when the Difference of Longitude between 
any two Places, is Eaſterly, or Weſterly. 
1. A Ccording to the old Way of Counting the Longitude, 
5 the Rule is thus; . 8 
If the Remainder (firſt found) be leſs than 180 Degrees, and 
you are wund to that Place, which hath (of the two) the greater 
Longitude, then is the Difference of Longitude Eafterly ; but if 
you are to fail to the leſs, tis Weſterly ; And when the firſt 
emainder is more than 180 Degrees, it's juſt the contrary. 
2. According to the Afariner*s Comps/s Rectiſed, The Rule | 
is thus; „ „ 
When the Longitude of the two Places are both Eaſt or both | 
Weſt, and you are to fail to the greater Longitude ; then the 
Difference of Longitude is (according to the Name of the Lon- 
gitude) Eaſt or Weſt. But if hound to the Jeſs Longitude, 
then is the Difference of Longitude contrary, that is, Well 
In Eaſt Longitude, and Eaſt in Weſt Longitude : And if ob- 
Place lies in Eaſt Longitude, and t'other in Weſt, the Dilke 
rence of Longitude between them, is according to the Name 
of that Longitude you are bound unto, that is Faſt, if to Eat 
Longitude; and Weft, if to Weſt Longitude, 


Prob. 
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problem 5. The Latitude bf one Place, and the Difference of 
Longitude between that and another Place, being given; to find 
the Longitude of the laſt Place, or the Longitude the Ship is in. 


i A Ccording to the old Way of counting the Longitude, the 
Rules are theſe following. „ 

Rule 1. Sailing to the Eaſiward, add the Longitude and the 

ference of Longitude together, the Sum, (but if it exceeds 


360 Degrees, ſubtract 360 Degrees therefrom, the Remainder) 


* 


is the Longitude the Ship is in. 


Rule 2. Sailing to the I aſtꝛuard, ſubtract the Difference of 


Longitude, from (but if the Difference of Longitude be the 


gleateſt, add 360 Degrees to) the Longitude of the firſt Place, 


{he Remainder is the Longitude the Ship is in. 
a, According to the new Way of counting the Longitude 
in tze Mariner's Compaſt; the Rules are theſe; 
Rule 1. In Eat Longitude, ſailing to the Eaſtward, and in 


'Vejt Longitude, failing Weſterly ; add, gives the Longitude the 


Ship is in, (if it exceeds not 180 Degrees) agreeing with the 


Nam of the firſt Place; but if it doth exceed, ſubtract it from 
350 Degrees, the Remainder is the Longitude the Ship is in, of 


: contrary Name to the firſt. | 
Rule 2. In Eaft Longitude, jailing Weſterly, and in We/t Lan- 


gitude, ſailing Eafterly ; ſubtract, gives the Longitude the Ship 


iin, whoſe Name agrees with the greater. 


Example 1. Sailing from Barbadoes North Eofterly, till "the 


Difference of Longitude be 275 Leagues, What Longitude is 
the Ship in? | « 


By the Mariners Compaſs, Long. of the IL. Barbadoes is 58 o. 
{he Difference of Longitude is 275 Leagues or —— 13 45 E. 


Jubtract, gives the Longitude the Ship is in- — 44 190 W. 


g Example 2. From the Lizard a Ship ſails S.WWefterly, WF Uthe 
Difference of Long. be 352 Leag, What Longitude is the Ship in? 


By the Mariner's Compaſs, Longitude of the Lizard is 5 24W. 
The Ditterence of Longitude is 352 Leagues 17 36W. 
Ad, gives the Longitude the Ship i» in —————23 OW. 


Thus much for the Preparation to Sailing by this Chart, the 
Sea, | 


Problems are next. 


Y 
"a 
1 
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jo ” h hs 3.” _ N ” 
TT. c DX 


92 9 Mercator*s-Saikng: Chap. LV: 


Sect. III. Containing Problems of Sailing Þy Mr. Wright 5 
Chart, commonly call*d Mercaror*s-Sailing. 


N the Working of theſe Problems, a Table of Meridis val 
Parts is neceſlary ; accordingly out of Mr. JJright's Tob/-, 
T have drawn one to every fifth Minute of Latitude, counting 
the Meridional Parts in Miles, or Minutes of the Equator : See 
pages 304, 305, for their Uſe 3 which Tables you will find 
placed before the Table of Logarithms, whoſe Uſe is to {ind 

the Meridional Difference of Latitude, between any two given 
Latitudes, and that is done by the next Problem. 


Problem 1. 7 0 find the Meridi onal Difference of Lanna, 67 
the Difference of Latitude in Meridional Parts. 


' The Rule . 


2 contrary 
Meridional Parts, (found in A Tatlle of Meridional Parts) an- 


The Yate of Cone 7 Name, the zen of the 


frering to the Degrees and Minutes of each Places Latitude, i; 


the Meridional Difference of Latitude required. 


Example 1 > Hand Barbadoes, ond Fe. bens, an Iſlnd in 
the Coaſt of Gabon 12 Africa; N hat is the Meridional Diffs. 
rence of Latitud? 4 


Minutes 
gd Barbados 12d, 25m,N i 812 
d, St. nh {7 155 oom. buen Pts. 4 000 


Meridional Difference of Latitude 


| Example | 2. The Lizard and Hand 1 What is their 
 Meridional * of Latitude - 
Min, 


Lizard F 50d. oom. i 93474 
Þ lb Laune 13d. 25m. in. Mend. a. Part? $12 


— — 


Subtract, gives the Meridional Difterence of Latitude — 2002 


Exam ple 
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Example 3 Hand Barbadoes, and Iſland Se. Helena What i is 
: their Auen Difference 1 Latitude ? 784 


Barbadoes 134 25m. N. 7 812 
W. Us: Ele di. a | 16d. 03m, 8. bus Parts 


Add, gives the Meridional Difference of Latitude —— 1788 


problem 2. The Latitude and Longitude of tvs Places given; * 


zo . the Courſe and e 


Fxample. What is FR Courſe, and Diſtance fron the Lizard 
ts the id Barbadoes? 


d. m. | Min, 1 


_ ar ($000 ? Mer Po 374 $Lon.f $.24W 


8125 158. o. 


of nes 35. 3 358. Mer. Diff Lat. 2662Dif Lon, WD 40W 


PO In" 


"Bard, L- Ks 25N > 


1 


E 


or 2195 min. 574: MN 3160 min. 


This Rectangle Triangle ABC (Plate z 3. Pig. 5.) is made 
by Problem 13. of Practical Geometry, after this manner. 
i. From A repreſenting the Place ſailed from, lay the Me- 

1 Difference of Latitude to B. 
. Draw BC perpendicular to AB, and therefrom lay the 

Dif rence of Longitude, ſrom B to C. 

3. From A to C (repreſenting the Place the Ship 1 is bound to) 
draw Line, which concludes the Triangle ABC, Right-angled 


„„ ³·¹W.¹ =: OTE {OG 


Ri * ſhews the Courſe, or Bearing of the two Places. 

Take the Difference of Latitude, and lay it on the Meri 

dun, from A to D, and draw a Line DE, parallel to BC, td 
cot 4 in E, and 'tis done: For if AE be meaſured on th 


the tyo Places. 
Eat to reſolve it by 7. Ronometry, there are two Rectangle 
4 Wh riangles 


* — oh, . nn wa, nen® he 


21 B, whoſe Angle BAC meaſured on the Scale of Chords or 


lune Scale AD was taken from, it ſhew eth the Diſtance between 


—_— 


inn IE. OR - 


R wi 
0 PEI RD 
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Trangles. ABC, and ADE; in the former you muſt Note, 


1. The Leg AB, is the Meridional Difference of Latitude. 
2. The Lo Bc, is the Difference of Lopgitude. 
3. The Angle BAC, is the Courſe, or Bearing. 

4. The Angle ACB. is the 3 of the Courſe. 


Wh In the Rectangle Triangle ann, 
1. The Leg AD, is the proper Difference of Latitude, 
2. The Hypotenuſe AE, is the Diſtance of the two Places. 
3. The Leg DE, is the Departure from the Meridian, 
4. The Angle DAE, is the Courſe, or Bearing. 
| 5: The Angle AED, the Complement of the Courſe, 
heſe things being premiſed, the Proportions according to 


Axiom x, Note 24, - Plain __ Angle . is as fol- 


ae: > 


I. For the Courſe, che Proportion by Axiom 1. ue 2d, is 
this : 
If the Leg AB is made Radius, then the Leg BC is the Tan. 
gent of the Angle BAC, and therefore it is, 
As the Meridional Difference of Latitude, is to the Radius 5 
ſo is the Difference of Longitude, to the Tangent of the 
Courſe: but more briefly chus; 


Merid. Diff. Lat. Diff. Long. : : Radius T. of the Courſe 


2662 Minutes. 3100 Min, : : T. 45d... T. 409d. 53m. 


Which being turned into Points of the Compais, makes ue Wi 


Courſe to be SW. half W, nearly. 
2. To find the Diſtance, the Proportion by Axiom 1. Neis . 
is this: 


| Making the Henk AE Radius, the Log ADi is the ne i 
of the Angle AED, or the Sine Complement of the Courle, 


and therefore it is, 


As the Sine Complement of the Courſe, is to the proper 


Difference of Latitude; ſo is the Radius, to the Diſtance in 


the Rumb. Or more briefly thus; 


8. c. Courſe -+ ö Diff. Lat.: Radius «- Diſtance required. 
8. 40d. O7M. . . 2195 Min.: : S. god. 3407 Minutes. 
Note, The Meridional Difference of Latitude may be found by 

the Gunter's Scale, thus : 
Extend the Compaſles from the Latitude 50d. oom. (en 
the Meridiona! line) to the Latitude 13% 25m. on the ſame 
+ Line; 


„ ey pl 
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Line ; that Entent meaſured on the Line of Equal Parts, will 


be 44 sd. or 2664 Minutes, the Meridional Difference of Lati- 
tic, which is but two Minutes more than by the Table. 


Problem 3. Both Latitudes and Courſe given; to find the Di- 
flance, and Difference of Longitude. 


Example. A Ship fails from the Lizard, and makes her 
Courſe (when Variation Lee-way, c. are allowed for) to be 


g. 29d. W. or SW. by 8. half W. and then by Obſervation, is 


the Plain Scale, as alſo their Reſolutions by Plain Trigonometry, 


to Problem 10. 10 h 1 | | 
oo find the Diſtance, the Proportiof? (as in Plain Sailing) 
5. ©, Courſe «+ Diff. Lat. : : Radius +» Diſtance. 
5. 53d, com +» 269 Min.:: S. god. .. 346 Minutes. Oh 
2. To find the Difference of Longitude, the Proportion ts 
VVV „„ . 
Radius . T. Courſe: : Merid. Diff. Lat.. Diff. of Long. 
T. 45d. . T. 39d.: : 400 Minutes. 325 Min, or 5* 25 


Or thus; the Extent on the Meridional Line (on the Gunter) 


fron; Latitude 50d. oom. to Latitude 45d. 31m. meaſured on 


of Lautude z and then you may ſay, 


Difference: of Lon 
is found above. 1 | TT 

3- Then to find the Longitude the Ship is in, *tis thus, 
Longitude failed from 


differing but one Minute from what 


Difference of Longitude 325 Minutes, or —5d. 25m. Weſt. 


enpitude the Ship is in — 10d. 30m. Weſt. 
Prob. 


n Latitude 45d. 3 1m. N. I demand the Diſtance run, and be 


Longitude ſhe is in? d. m. Minutes 
Lizurd 1 50 00N : 3 | 3474 
Objerved 3 Latitude 3 45 21N Meridional Parts 4 1094 

Difference of Latitude 4 29 Merid. Diff. Lat. 400 
* 5 TEES | 
0 — 269 Minutes. 


To delineate this, or any of the Seven next Problems, by 


the Directions ard Notes in the foregoing Problem may be 
ficient Inſtructions, and therefore they are omitted till I cone 


the Line of Equal Parts, is 6d. 44. the Meridional Difference 


T. 45d. . T. 396. :: 6d. 13 5d. . or sd. zam. the 
rule 


zd. 24m. Weſt. | 


— 


e ene eee 8 
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Problem 4. Both Laritudes and Diftance given ; to find the 


Courſe, and Difference of Longitude. 


| Example. If a Ship runneth 300 Minutes North Weſtward, 
from a Port in Lat, 37d. N. and Longitude rod. 25m. W. un 


The be in Latitude 41 Degrees North: I demand the Courſe 


ſteered, and what Longitude ſhe is in ? 
Sailed un þ Latitude $375 North, 0 Mer 4. Parts 125 79 


Ship is in 41d. North. 
Difference of Latitude 4 North, Merid, Diff Latit. 3 5 
e 


of 240 Minutes 


: Up To pod the Courſe, the Proportion (as 1 in Caſe the go of 
Plain-Seiling ) is.thusz . 


Diſtance . Radius: Diff. Lat. 8. c. Courts 


oo Min. . . 8. god. : 1240 Min. -- 8. 53d. o8m. Which 
Subtract from - god. oom. 


Remainder i is the Courſe 8 306d. 52m. North 
Weſterly 34 Points of the Compaſs, which makes the Courſe 


0 


to be NW by N. 3 W. neareſt. 


"* 39 find the Diff, of Longitude, the Proportion i is thus; | 
Radius T. Courſe : Merid. Diff. Lat. Difference Long. 


T. 45 T. 36d. 52m. : : 309 Minutes -- 232 Min. or 3d. 52m. 


Or thus, the Extent (on the Meridional inc on the Gunter) 
from Latitude 37d. to Latitude 41d, meaſured on Eęual arts 
is 5d. 10m. Meridional Difference of Latitude, Then fv, 
T. 45d. T. 36d 42m. :: 5d. 163 . 3d. 88 Parts of 10, 
or 3d. g zm. the Difference of Longitude, as before 

Longitude failed from lcd. 25m, Wef, 


Difference of Longitude, is 232 Mines, or 3d. 52m. Welk 


—ů Ä — ————— 


Longitude the Ship is in — — 14d. 19m. Well, 


Problem 5. Both 1 and Departure From the Meridian 1 


den; to F ud the Courſe, Diſtance and Diference of Long iti. 
Example, A Ship in Latitude 50d. 10m. North, and 1 


tude 5d. 24m. Weſt, fails South Weſtward, *Ll] her Departuſe 
is 789 Minutes, and by Obſervation is in Latitude 30d. 200 


North. demand the Courſe ſteered, Diſtance failed by its 


Log, and what Longitude the Ship is in ? 5s 
+ | Ine 


— N 2 cam 4 _ \ 
( ͤ 


Sekt MI. Mercator Calling. : 0 
1. The Proportion for the Courſe and Diſtance, ate the fame 
as in Chapter 3. Section 3. Problem 6, of Plain Sailing, \ in 


page 63, to which I refer you, and here omit hem. 
2. To find the Difference — Longitude, che Proportion 18 3 


Departed 50d. 1om. N. 122490 Min. 
Lat. ak in 30d. 20m. N. 'F Merid. Pts, 25 e Min 


Differ. Latitude 10d. zom. Mer. Diff Lat. 919 Min. 
Or 50 


Differ ] atitude 6 50 Minutes, Then you may ſay, 


A Diff. Lat. ++ Departure : : Merid. Diff. Lat . Diff. of Long. 
As 650 min. +» N e 919 Minutes -- 11 16m. or 18d. 36m. 


Or thus; The Extent (on he Meridional Line on the Gunter 


from Latitude od. rom, to Latitude 39 od. 20m. (meaſured on 
the Line of Equal Parts) is 15d. 3 


en chs, the an 
Difference of Latitude. And then ar 


As 650 Minutes. 789 Min.:: 15d. 3 Tenths — 18d. Tenn 
18d. 36m. the Difference of Longitude, as before. 
Eben to find the an the Ship is in, 'tis thus ; 


Difference of Longitude 1116 Min, 07 — 18d. 36m. Wed. 


Longitude the Ship i in ——.244. com. Weſt. 


| 3 Problem 6. One Latitude, Crurſi, pl Diftance given ; ; te find : 


the Difference of Latitude, and Difference of Leugitude, 


Example. A Ship in Latitude 424. zom. North, and Longi- i 
tude 18d. 31m. Welt, fails S. E. by S. 591 Minutes, or 1 


97 
- Leagues? 3 [ demand the Latitude, and Longitude the Sb is in 5 


For the Difference of Latitude, the Proportion (by de 
| Cafe of Plain Sailing, in page ard is thus ; 


% 


A: Radius +» Diſtance : mn c. Courſe -. Difference: of tate 
As S. 8 Points 591 Min. : : S. 5 Pts. . 491 Min. or 8d. 11m. 


_ Latitude failed from 42d. 30m. N. Merid. Parts a8 am. 


Diff Lat. 491 Min. or—8d. 1 1m. S. 


0 ne the Ship is in 34d; 10H. N. -Merid. Pars 219 5m. 
Krack, giveth the Meridional Difference of Latitude 627m. 


Or thus ; The Extent (on the Meridional Line on the Gun- 
fr) rom Latitude 42d. zom. to 88 34d. 19m. meaſured 


en 
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on the Line of Equal Parts is 10d. 48 Or | 268. zom. the Me- 


| ridional Difference of Latitude; 


2. To find the Difference of Longitude, the Proportion i 18, 
As Radius T. Courſe: : Merid. Diff. Lat. Differ. Longit. 
As T.4Pts .. I. 3Points: : 627 Minutes - 420MM. or 7d. oom. 

Or thus; 
AsT. 4 Pots -. T. 3 Pte: : Tod. 18 5d. Diff. Long. as before. 

L failed from —— 18d. Zim. Weſt. 

Diff. of Long. 420 Minutes, of — od. com. Eaſt, 


Longitude the Ship is iN mmm — 11d. Zim. Welt. 


Problem 7. One Latitude, Courſe and nn given, 15 


fd the Diſtance, . ee of Latitude, and Difference of 5 
Longitude. 


Example. A Ship fails ESE. from a certain Port in Latitude 
50d. rom. South, and Longitude rod. 16m. Eaſt, until the 


Departure from the Meridian be 957 Minutes: I demand her 


Diftance failed, the Latitude and Longitude ſhe is in ? 


1 The Diſtance is 1035 | 
2. The Diff. of Lat. 235d 1 un. by Chapter 2, Section 3. 


| Problem 3. of Plain Jah, i in page 61. Then the Latitude 


the Ship is in, and the Meridional erence of Latitude, is 
found thus 1 Min, 
Latitude failed from 50d. rom. South, Merid, Parts ——3490 


Diff. Lat. 396m. or 6d. 36m. 8. 
Latitude Ship is in—56d. 46m. 8. Meridional Parts « we 41 67 


Subtract, giveth the Meridional Difference of Latitude 607 
3. To find the Difference of Longitude, the Proportion is, 
As Diff Lat. Departure: | Diff. Lat. Diff. Long. 


As 396 Min. «+ 957 Min: * r „ 1615m. or 26d. 5 m. 


Or thus; the Extent * the Meridional Line on the Gunter 4-4 
from Latitude 50d. rom. to Latitude 56d. 46m, meaſured on 


the Line of £qual Parts; is 11d. 28 the Mer. to Dif. of Lat. 


as SE... 


Then = 

> Min. -- 957 Min. :: 111d. 75 Sys the Diff. Long. 
en to find the Longitude the Ship is in, it's thus; | 
1 failed from 5 100; 16m. Eat 


of Difference of Longitude 161 5 Min. Or —— 26d. 55m. Eafts 


— . 


= Longitude the Ship is iE — — 374 tm. Eaſt, 


Prob, ; 


ou E —_—  — OILS * 
3 * 2 " 
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problem 8. On Latitude, Diftance faibd, and Departure | | | 


from the Meridian given, to find the Courſe, Difference 0 
Lande, and Difference of Rk / 4 & 
Example. A Ship in Latitude 49d, 4om. North, and Longi 
rude 14d. 40m. fails South Eaſtward 645 Minutes, until 
the Departure from the Meridian be 500 Minutes: I demand 
the Courſe ſteered, the Latitude, and Longitude the Ship is inf 
1. The Courleſis S. od. 5om. E. or SE. I E.: b Char a 
2. The Diff. of Lat. 40m. or 6d. 47m. > * | Pe 3 
Section 3. Problem 5. of Plain Sailing, in pages 63 and 63. 
Then the Latitude the Ship is in, and the Meridional Difference 
of Latitude, is found thus; e as» or Tg 
Latitude failed from — 49d. 30m. N. Merid. Parts 3428 
Diff. Lat. 467 min. or 6d. 4m. 88. 
Latitude the Ship is in — 42d. 43m. N. Merid. Parts 2840 
Mieridional Difference of Latitude 88 
3. To find. the Difference of Longitude, the Proportion is; 
As Diff. Lat.. Depart, : : Merid. Diff. Lat. Diff. of 
£5407 min, . FoomiIn. : : 588 min: . 722 min. or 12d. zm. 
Or thus; the Extent (on the Meridional Line on the Gunter) 
"from Latitude 49d. Fry to Latitude 42d. 43m. (meaſured 
on equal Parts) is gd. , the Merididnal Difference of Lati- 
As 407 min. . $00 min.:: 9d. 18 12d. the Diff. Long. 
Then, to find the Longitude the Ship ls in, tis thus; 
Longitude ſail'd from 14d, 40m. Weſt, 
Diff. Longit. 722 Mmutes, or —— 752d. ozm. Eaſt. 
| Longitude the Ship is in —— 2d. 38m. Weſt. 


Problem g. One Latitude, Courſt and Differmet of Lingititde 
given}, th find the Diſiance, and Difference Latitude. 
| R»omple. A Ship fails SW by W. from the Lizard, until 
{ic be in Longitude 87d. 26m. Weſt. I demand the Latitude 
the Ship is in, and her Diſtance failed ? 
ongitude failed from — d. 24m. Weſt, 
Longitude the Ship is in — 57d. 26m. Weſt. 
$ubt:att, and Remainder is the Diff. Long. 52d. ozm. 
Or 3122 Minutes 


4 | | 7 G 4 05 Fer 


7 5 Fut uuin tfiand on Newfoundland ? 
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1 Te For the Mer, Difference of Latitude, the Proportion may 
de thus; | 

As T. Courſe «+ Radius:: Differ. Long +» Mer. Diff. Lat. 

As T. 5 Pts . T. 4 Pts : : 3122 Minues . 2085 Minutes, 
Latitats failed from 50d. its Merid, Parts 3474 ſubtract 


giveth the Mer. Pts. for the Lat. the Ship is in 1 389 which fſeck 
in the Table -of Meridional Parts ; and againſt it you will find 
22d. 33m. the Latitude the Ship is in North. _ 
Or thus, on the Gunter; take the Meridional Difference of 
Lasten, being 208 5 Minutes, or 34d. 45m. from the Line 
of equal Parts, and ſet it from the Latitude departed from, vx, 
od. oom. on the Meridional Line decreaſing (becauſe 8 
North Latitude, and failing Southerly) and it reacheth (in the 
fame Line) to 22d. 30m. the Latitude the Ship is in, very 
near to the Latitude found above by the Table of Meridiona 
Parts, differing from it but 3 Minutes. 
Then having bo titudes known, the Difference of Lati- 
tucde is found (by/ ſubtracting the leſs from the greater) to be 
ow. 27m. or 1647 Minutes, or 549 Leagues. 
2. Find the Diſtance failed by Chapter 3. Section 3, Problem 
or g 2. of Plain Sailing, in page 6. 


Prob! em 10. Two Places in one Parallel, or Latitude, thei x 
Diffe ence 1 Longitude gfven 3 WL find their Diſtance. 


E rample. I demand the Diſtance between the Lizard and 


Pengruin-Iſſand 53d. rom. Weſt. 
Lizard © Long. ds * 24m. Well. 


Subtract, and Remainder is Diff. E Long 47d be Weſt, 


Or, FARES og 1 „ 

Difference of Long. 2866 Minutes. 
Theſe p Places are both (ſuppoſed to lie) in Latitude god. c 
North, whoſe C -ompicment i$ 20% oom. | | 


75 2 delineate this Problem by the Plain his. . 


Draw ihe-prick'd Arch BC, with the Sine of go Degrees, 


he * being on the Center A. 
2. Lay vis Difference of Longitude on that Arch, from B 


70 Ke and draw the Lines AB; at, and BC. 
Jo With 
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With the Sine Com- 


plement of the Latitude, 


aud one Foot in A, draw 
the Arch DE; that is, take 
the Complement of the La- 

tirnde from the Line of 


Sine, and with one Foot 


on A, draw the prick'd Arch 


DE, to cut AB | in D, and 


* in E. 
Draw a Line den D 

= FE, and tis done; for © 

DE being meaſured on the & 

ſame Scale BC was taken (/ Di lege, N 
trom, will ſhew the Diſtance wn LY oe 

| Wy 

The R 1 e of the Scheme. 

9 | 8 \- {Noth Pole of the Earth, 

2. The Pina Lizard in the Latitude of 

3. 8 | L — pengtvin Ile : 50d. oom. 

47 Tne Arch | BC * Eq uator. 2 

5. 8 Hl Parallel of 50d. oy Lat. 

61.1 ADB S he Lizard, 

7 The Line AEC 8 Mer idian of - 7 Penguin fun 2 
„ BC | Diff, Long. between the 2 Places, 

Q,- (DE ) Diſt. between chem in thatParalle], 


Then to find their Diſtance; the Proportion, by the an 
Proposition of the fixth Book of Euclid, is, 

As AB, is to BC; ſo is AD, to DE. And alternately, 

As AB, is to AD; ſo is BC, to DE. That is, 

As Radius. is: to the Sine Complement of the Latitude ; ſo 
is the Difference of Longitude, to their Diſtance i in that Parallel 


of Latitude, In ſhort thus; 
As Radius . S. c. Latitude : : Diff. Long. Diſtance, 
7.59. god. +» S. 40d. oom. 2860 Min, 1842 Min, 


G3 57 e | 0 


— 4 


— lp — — 
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. 
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Or thus; By the Plain Scale. 


Take the Latitude of 50d. oom, from the Scale of Chords, 
and meafure it from 60 on the Scale of Miles of Longitude, 
marked (ML) and it ſheweth Minutes 38.6 Tenths make a 
Degree of Longitude in that Latitude. Then fay, 

As r Deg. .. Min, 38.6: Diff. Long. 1 rü 164% 
Minutes the Diſtance as before, 4h 


Problem 11. Tive Places in one Latitude, their Diſtance ; gu- 
ven; to find their Difference of Longitude, 


Example. If a Ship ſails Weſt 390 Minutes from the Lizard; 
What Longitude is ſhe in? 
I 0 delineate this Problem by the Plain Scale. 
1. Take go Degrees from the Line of Sines, and with one 
Foot on A, draw the prick'd Arch BC. 

2. From the Line of Sines take the Complement of the given 
Latitude, and feiting one Foot on A, draw the prick'd Arch DE. 
3. Then from any Scale of E qua! Parts, take the Diſtance 
(alla) and lay it on the laſt Arch, from D to E, 

4. From A draw Lines through D and E, to cut the Arch 
BC wh adinCT 
4 Then draw a Line from B to C, and tis done; for BC 


being meaſured on the fame Scale DE was taken from, will I 


few the Difference of Longitude required. 


The proportion ( by the ath Propoſition of the 6th Book of 
_ Euclid) for the Difference of Longitude, is, 
As S. C. Latitude ++ Radius:: Diſtance +» Difference of Long. 
As S. 40d. oom. . S. god. : : 390min, -- 607min, or 10d. om. 
Or thus; By the Plain Scale. 
The Latitude 50d. oom. taken (from che Chords) and mea- 
ſured on the Scale of Miles of Longitude, ſheweth the Minutes 
hs T0008 make a Degree of Longitude in that Latitude ; 
en ſay, 
As Min. 38.6 Tenths +- 1d. : : 300m. . 10d. 45 or 10d. om. 
Diff. Long. differing but one Minute from that found before. 
Longitude of the Lizard —— ———05d. 24m. Weſt. 
Difference of Longitude 607 min. or rod. 07m. Welt. 


Add, giv es the Longitade the Ship is in —— 1 5 31, hk 
Ni 
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Problem 12. Twe Places in one Parallel of Latitude, their 


| Diſtance, and Difference of Longitude given; to find the 
Parallel of Latitude, © 8 


Example. Zuppoſe two Ships in the Equator 2842 Minutes 
ander, and they both ſail North alike Diſtance, till they are 


vut 1833 Minutes aſunder : I demand what Latitude they are 
wow in? 0 1 „VVV 


To delineate this Problem y the Plain-Scale, 


1. Draw the prick'd Arch 
BC, (with the Sine of go De- 
grees, one Foot being on the 
Center A) to cut the Line 
AB -: | 5 

2. On B erect the prick'd 
Perpendicular Be, and there- 
on lay the Difference of Lon- 
gitude from B toc. 
3. Draw the prick'd Line 
AC. OL og 
4. Then with the Diſtance & 
ia the Parallel, and one Foot © 

in the prick'd Line Ac, mo- i 
ved upon that Line, till the 1 x | 
other Foot turned about, will .. 5. see B 
but juſt touch the Line AB, 23842. I. 
and where the former Foot | 
reiteth, which is at e, there ſtay it. 


== T) 
U 
5 
O 
— 


0 
＋ 


. Take the neareſt Diſtance from e, to the prick'd Line 


Bc, and lay that Diſtande on the Line AB, from B to D, and 


draw the prick'd Line Ve. 


5, Lay the Difference of Longitude on the prick'd Arch, -- 


we with the Sine of 90 Degrees, from B to C, and draw 
_ the Line AC; alſo with the Diſtance AD, and one Foot on 


4, draw the prick'd Arch DE, to cut AC in E ; likewiſe 
"raw Lines from B to C, and from D to E, and 'tis done; 
r AD, or AE meaſured on the Scale of Sins, will ſhew the 


Camplement of the Latitude required. 


y iantleſt, | | 
IE. | T. 
84 8 


Note ; If Be be equal to B, and De equal to DE, ?tis 


de true, otherwiſe not; as the prick'd Arches c C, and ec E 


9 


—_ = a , 4 we 5 _ . > * — — 2 5 


* 3 - A 
— „ EF Not n — 
EEE ²˙ · . ed a — 
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To find the Latitude (by the foreſaid Propoſition of Eucla) 


the Proportion is thus; 
As Diff Long. . Diftance : : Radius . S. c. Lat. required. 

As 2842 Min. . . 1823min. : : S. god. ++ S. 40d. 1om. 
Which ſubtracted from . god, oom. 

The Remainder i is the Parallel of Lat 499. 50m. "Nath" 

Or thus ; By the Plain Scale. 

As 2842 min. 1833 min. : : bo min. . min. 28.7 Tenthe, 

making one Degree of ngitude, | in the Latitude required. 


Then from the Scale of Miles of Longitude (marked ML) 


take Min. 38.7 Tenths, meaſure it on the Scale of Chorgs, and = = 


it ſheweth ihe Latitude to be 49d. zom. as before. 


Section IV. Problems of Sailing by the Mi 44 Latitude; or a 
Proparticn drawn from the Middle Latitude, nearly agreeing 
with Mercator' 5 Sailing. 


N theſe Problems, there is no Uſe made of the Table of 
Mer idional Parts, and all its Proportions may be wrought 
both by the Logartthms, and Gunter”s Scale. 


Problem I, The Latitude, and Longitude of foo Places given ; 
to find their Courſe and Diftance. 


Example, What is the Courſe and Diſtance from the Lizari | 


'to the Illand een e ? 
d. Nis d. m. 


Lizard 50 £ * 50 o0 J S 24 W. 
Barbadoes © Lat 4325 25 N. — "F Long, 158 04 W. 
Difference Latitude 36 26 368. ſum is63 25 Diff, Long 52 40 W. 

Go Mid. Lat, 31 42 60 


Minutes 2195tubt. it from go 06 or © 160 Min, 
Compl. Mid. Lat. 58 TS > 


5 7 delineats this Problem by the Plain Scale. Plate 3. Fig. 6. 


1. Make AD upon the Meridian, equal to the Difference of 
Latitude. | 
2. Draw the prick'd Arth IK with the Sine of go Degrees 

le Foot being on A) to cut the Meridian AD in J. 

Wich the Sine Complement of the Middle Latitude, and 
one * Foot on A, draw the prick'd Arch GH, te cut the Meridian 
in G. 15 4. On 
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On the laſt Arch. lay half the Difference of Latitude, 
from G to H. 
5. By A and H, draw a Line, to cut the Firſt Arch (made 
. id the Sine of 90 Degrees) in K. 
6. Lay IK twice on the Mericlian, from A to B. 2 6 
5 On Berect a Perpendicular, and thereon lay the Difference 
| of Longitude, from B to C. 
3. Draw a Line from A to C; and from D, draw DE p 
to BC, to cut AC in E, and 'tis done. Plate 3. I. 5. 
Ter b the Leg AD the Difference of Latitude. iy 
The Leg BC, the Difference of Longitude. 15 
The Hy potenuſe AE, the Diſfance of of the two Places. 
The Leg DE the- Departure, according to the Pain Chart. 
The Angle DAL, or BAC, the Angle of the Courſe or 
Bearing 
The Angle AED, the Complement of the Courſe. 


7. To fnd the Courſe, or Bearing, the Proportion i is; 

As the Difference of Latitude, is to the Difference ot Longi- 
tude; fo is the Sine Complement of the Middle Latitude, to 
the Tangent of the Courſe. Or more briefly thus; _ 
Dit. Lat.. Diff. Long. :: S. c. Mid. Lat. . I. Courſe. 
219.5 min. . 3160 min.: 8. 58d. 18m. T. god. 45m. 

= By Gunter. The Extent from 2195 Minutes to 3160 Mi- 
15 auted on the Line of Numbers, being laid (increaſing) from Sine 
= 384, 1m. reacheth beyond the Sine of god. wherefore lay that 
Extent from the Sine of go Degrees towards the Left hand, 
and itay one Foot there; then bring in the other Foot to 
che Sine Complement of the Middle Latitude 58d. 18m. this 
W aft Extent of the Compaſſes, lay from Tangent 45 Degrees, 
and it heweth on Tangents, rod. 4.5m. the Courſe South 
Welch, or S. W. half W. which is the Courſe from the Li- 
do the Iſland Barbados, - 

Or thus ; By two Proportions to find the cur. 
= fir, As the Radius, is to the Sine Complement of the 
Mie Latitude; fo is the Difference of Longitude, to the De- 
WW 72lure from the Meridian, or Meridional Diſtance, 


More briefly thus; ©" 
As Radius 8. c. Middle Lat.: : Diff. Long. Departure. 
AzS. god. . S. 58d. 18 min, : : 3160 Mm. . 2685 min. 


Secondly, As the Difference of Latitude, is to the Departure 


: _ de Meridian ſo is the Radius, as the Tangent of the 
1 e, 


Or 
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Or more briefly hae: 

As Diff. Lat. Departure : : Radius -» T. Courſe. 

As 2195 min... 2685 min.:: T. 454... T. 50d. 45m. as beiore 


2. To find the ir the Proportion is 
As S. c. Courſe Diff. Lat, : : Radius. Diſtance required. 


As 8. 195 min.:: S. god. 3467 Minutes. 


Problem 2. Both Tad and Courſe given; to find the 
Diftance, and Difference of Longitude. 

Fromple. Suppoſe a Ship ſails from the Lizard, and makes 

(when Variation, ZLeeway, &c. allowed for) her Courſe South 

39d. Weſt, or S W. by S. 5 W. and then, by Obſervation, 5 

in Latitude * 5d. zim. North; What's her Diſtance run, and 


Longitude ſhe is in? al + of i. 
| Lizard gad. oom. North æäñBhk- 50 00 
Obſerv iy + Latitude ( 45d. 3im, Notth ————— 45 31 


Die ot Latitude Ad. 29m. Sum of both Latit, 95 31 
50 The half is Mid. Lat. 47 4; 
Or, Ninuics 269 Which ſubtract from ge 0% 


The Remninder is Compl. of the Middle Lat. — 4 1; 


Too delineate this, or any of the following Problems, by the 
Plain Scale, the Inſtructions in the foregoing are ſufficient to 
inform the diligent Learner, 


1. The Diſtance is 346 Minutes by Chapter 6. Section 3. | 


Problem the 3d of Mercator's Sailing, in Page 95. 
2. To find the Difference of Longitude, the Proportion is, 
As the Sine Compiement of the Middle Latitude, is 0 the 
Tangent of the Courſe : ſo is the Difference of Latitude, to 
Difference of Longitude. Or thus; 
As S. c. Mid. Lat.. J. Courſe:: Diff. Lat. -. Diff. Longitude, 
As 8. 42d. 15m. -+ T. 39d. : 269 min.. 324 min. 
To work this, or any fuch like „A. by Guiter's 
Sale, the General Rule of extending from the Firſt Term t 
the Second, &c. will not ſerve, till the Firſt and Second 
Terms are reduced to one Line, or Scale, and that is by this 
Rule following. 


A General Rule to rdute the Second Term Tangent, 
12 the Firſt Term Sine. 


Extend the Compaſſes from Tangent 45d. to the Langen 
of the Second Term: lay that Extent on the Line of Sines, from 


goc. if the Second Term t be belt than + 4. but. it more, _ 


5 — . 7 >= Wc 


3 
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puſt Term towards the left Hand; and where the Foot reſteth, 

| call the Second Term reduced to the Firſt, and is to be 
counted inſtead of the Second Term; as for Example S 

To work the foreſaid Proportion, to hnd the Difference of 
Longitude. 

1. The Extent from Tangent 45d. to Tangent 39d. lad 
bon 8. god. reacheth to 54d, orm. the Second Term reduced 

to * Firſt Term. Ws 
The Extent from 54d. om. (the Second Term reduced) 

to Sine 42d. 15m. the Firſt Term in the Proportion; laid on 

the Line of Numbers from 269 Minutes, the Third Term, 
will reach to 324 Minutes, the Fourth Term, the Difference 

of Longitude required. 

Or thus z By two Operations to find the Difference of Lon. a 
itude 
: Firft; As the Sine Complement of the Courſe, is to the Diffe- 
znce of Latitude: ſo is the Sine of the Courſe. to the Departure 


; WHT {on the Meridian, or Meridian Diſtance. Or thus; 
» ” Sc. Courle «+ Diff. Lat. : :S. Courſe · Departure, 
7 S. 51 deg. . 269 min. : : S. 39 deg. -- 218 min. 
0 — 4+ ; As the Sine Pont of the Middle Latitude, 


W i © Radius: fo is the Departure from the Meridian, to the 
ference of Longitude, Briefly thus; _ 
As S. c. Middle Lat.. Radius: e eee Diff. Longit. 
As S. 424, 15m. 8. 90d. : : 218 min. - 324min, as before. 
Then to find the Longitude the — is in, tis thus, 
TLirard's Longitude is - ogd, 24m. Wet. 
Diff. Longitude 324 Minutes, or-——o5d. 24m. Weſt. 


Longitude the Ship is in — —— 10d, 45m. Weſt. 
Problem 3. Both Latitudes, ond Diſtance given ; to find the 
Courſe, aud Difference of Longitude. 


S £:4::5/e, If a Ship runneth 300 Minutes North Weſterly, 
| from a Port in 37 deg. North Latitude, and Longitude 10d. 
n. . until ſhe be in Lat. 41 deg. North: What is her 


m 7 % and Longitude ſhe is in ? . "5 
ated from 7d. Nori — 37 
Ship is in— 5 La tue La North —— — —41d, 
8 Difference of Latitude — 4d. Sum of both Latit, —— 78d. 
4 FLY Middle Latit. 39d, 
the Or, Minutes 2 40 Subtract from god. 5 


Complement of the Middle Latitude T2 
t, The 
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The Courſe is North 36 deg. 52 min. Weſt, or NW. hy 
N. 4 J Weſt neareſt ; found by Chapter 4. Section 3. Problem 4, 
of Mercator's Sailing, in page 96. 
2. To find the Differ. of Longit. the Proportion is thus ; ; 


As S c. Mid. Lat. -» T. Courſe : : Differ Lat. Diff. Long. 
As S. 51 Degrees. T. 30d. 52m.:: 240 min. . . 232 min. 
By Gunter's Scale. The . from Tangent 45d. . 
Tangent 36d. 52m. will reach from Sine god. to Sine 480 
Zom. the Second Term reduced to the Firſt, Then the Extent 
from this laſt (Sine 48d. 3om.) to Sine 51d. (the Firſt Tem 
min the aboveſaid 8 will reach on the Line of 
Numbers from the Difference of Latitude 240 Minutes, to 23 
Minutes, or 3d. 52m. the Difference of Longitude. 
Or thus; by two Proportions (after the Courſe is found, a 
| before) to find the Difference of Longitude, fay ; 
1. As the Radius, is to the Diſtance ſailed ; ſo is the Sine of 
the Courſe, to the Departure from the Meridian : | 


Which briefly i is * ; 
As nb Diſtance:: S. Courſe Departure. 
As S. god... 3oomin. : : S. 36d. 5 2m... 180 Minutes. 


2. As the Sine Complement of Middle Lalit: is to Radius; 
ſo'is the Departure from the Meridian, to the Difference of 
Longitude, Briefly is thus; 
| As S. c. Mid, Lat. Radius: Departure · Diff. Long, * 

As S. 51 Degrees . S. god. : : 180 Min. . 232 Min. 

Or it may be found * this Proportion, when the Diſtance 


is given, 
S. c. Mid. Lat.. Diftance : : 8. Courſe = Diff Longitude 
S. 51 Degrees . 300 Min.:: S. 36d. 52m... 23am. as above. 


Then to find the Longitude the Ship i is in, 's thus; 
Longitude the Ship failed from — 10d. 35m. West. 
Diff. Longitude 232 Minutes, or zd. Sam. Welt, 


Longitude the Ship 232 æͤçKç—éç«9ꝛ 14d. 25m. Weſt. 


Problem 4 . Bath Latitudes, and Departure from the Meridim 
given; 10 find the Courſe, Dijtance, and Hife, of Loni 
"_ 

Example. A Ship in Latitude 50d, 10M, MY and Longs 
mw. 50 24m. Weſt ; fails South Weſterly, till the Departwe 
g Minutes, and ſhe be in Lat. 394. 20m. North, au 

nc 5 Courſe, Diſtance, and Longitude the Ship is in? 


Lat 


: 1112 


3 tor, 7:7 be wrought by the Sine Complement of the Middle 


ect. IV. Sailing by Middle Latitude. 10g 9 
CSaild from 50d. tom. North Jod. 10m. 
Latitude 1 Ship is in 39d. 20m. Nor 394. 20m 


Difference of Latitude—10g, com. Sumof both Lat. 89d. zona. 
60 


n eee 


4 Or M nutes 650 The half is the Mid. Lat. 44d. 45m. 
"ERR ſubtract from=god. oom. 


The Rene is Comp. of the Middle Latitude - — 45d. rx 5m, 
| 1. TheCowrfe is S. 50d. 3om. W. 72 Chapter 4. Section 

2. The Diſtance 1022 Minutes Problem 5. of Mer 
alen Sailing, in page 97. 


3. To find the Difference of Longitude, the proportion 83 
As S. c. Mid. Lat.. T. Courſe : : Diff. Lat. ++ Diff. Long. 
As S. 45d. 15M. . T. 50d. 3om. : : 650 Min... 1112 Min. 


For the Extent from Tangent 45d. to the Tangent cod, 
zom. laid (on the Line of Sines) from 45d. 15m. reacheth to 
_ 35d. 5om. the Second Term reduced to the Firſt, Then 
ent from this laſt (Sine 35d, 5om.) to Sine god. (inſtead 
W © Sine 45d. 15m. the Firſt Term in the abeve Proportion, 

| always when the Courſe is more than 45d. and that) laid on the 

| Line of Numbers, from Diff. Lat. 650 Minutes, will reach to . 
Minus, the Difference of Longitude required. 


Or thus; the Difference of Longitude may be found without 


ep nr es Ys rad * "> n 
N * 22 1 L * << 


inding the Courſe, ſaying; | 
As the Sine Complement of the Middle Latitude, is to the L 
dad ſo is the Departure from the Meridian, to the Dif- 4 


ference if Longitude, That is, {4 
As 8. ©, Mid. Lat.. Radius:: Departure Differ, Lal 
4s 8. 45d. 15m. . S. god. 2780 Min. .. fam. as before. 


Then the Longitude the Ship is in, may be found, as in 
W 'robiem 5. of Mercator's _ in page 97 chat : being d the 
3 fame Queſtion with this. 
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And | in like munter All the remaining Queſtions in Ae 


lane e, Which I leave to the Learner's Practice. And thus 
nch gay ſuffice for the Serond Kind of Sailing, or Second 
po Navi igation, and the Application of Plain Trigonometry. 
wn - Erigonomeuy is next. AS | 
Wh > A P. 
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Chapter v. Containing the Doctrine of Spheric T; riangles, 
Re#ianglar and Oblique; both Geometric, Afithmetic, 
and Inſtrumental. 


B Efore I enter on Spheric Trigonometry, as to the framing, 
and working of Proportions therein, it will be neceſſary you 
ſhould underſtand how to make a Spheric Triangle, and tg 
meafure any of its Parts : In Order thereunto I have a 
the following Problems, which I call Spheric Geometry. © 


Seetian I. Spheric Geometry explained by Dune. 
und Problems. 


Definition r. 8 Pheric Geometry, is that by which the Circles 


of the- Sphere are deſcribed, drawn, or pro- 
jected on a Plane, or flat Superficies. TO 


2. A Sphere or Globe, is a round Body, made by the moving 
of a Semi-circle about its own Diameter, t till the Motion end 
Where it began. 

3. The Project: 2 of the Sphere, is either Arthograplic 
Stereographic, or Gnomonic. 

4. Arthographic, is the drawing the Superficies of the Sphere 


on a Plane, which cutteth the Sphere in the middle, with re- I 


ſpect to the Eye being placed perpendicular to it, "and at an 
infinite Diſtance therefrom : This Projection maketh Ute only 
of a Line of Chords, and of Sites, if 

5. S$tereographic, ſheweth how to deſcribe the Sphere! $ Super 
ficies on a Plane, which cutteth it in the middle, with rcſpect 
to the Eye being placed in the Sphere's Superticies, perpendi- 
cular to the Center of the ſaid Plane. 

6. Gnomonic Projection of the Sphere, is drawing the Super- 
ficies on a Plane touching it, with reſpect to the Eye being 
placed in the Sphere's Center 
Theſe two laſt make Uie of the Lines of Chords, Tangent, 
and Secauts. 

7. All Circles of the Sphere, are either Great Circles, which 
cut it in two equal Parts; or Leſſer Circles, which cut it in 
TWO unequal Parts. | 


8. The 


* : i 


K.. 1, gplerie Geometry, ttt 
8. Abe Plane on which the Sphere is projected, is that 
| Circ 6 e Which bounds, or limits the xray and is repre 
* | by the Cirele ABCDEBA. Plate 3 8 

1 Great Circle, is either the Primitive Circ, a Right 
Circle, or an Oblique Circle. 
Theie Circles, DNA ſeverally, or jointly, afford divers 
problems, which are the ſubject matter of Pherie Geometry, | 
and are fuch as follow. 


34 
> 4 % \ 


8 1. To ful the Pole of any Oran: Co rela, 
/ 
| Defnition 1. A Great Girls, is 5 either tie Primitive Circle, 
EZB; ora Right Circle, as the Diameter BAD; or an 
Oblique Circle, as the Arch BFD. Plate 3. Fig. 7. 
2. ihe Pole of a Great Circle, is a Punet ar Way go De- 
grces diſtant from it. And | 
ie 1. The Pole of a Great Cirele, is either upon. the n- 
E mitive Circle, or within it. | 
2. When the Pole is within, tis either at the Primitive 
Circle's Center, or not. 
In this Pr 1 are three Caſes. 


— — So. wo 


Peoblem I. Caſe 1. 7 he Pele of the Primitive Cirels i is required. 


2 Example. BCDE the Primitive Gircle given 3 0 find the 

Pole diereof is required.” Plate 3. Fig, 27. 

De Ru, Find A, the Center of the Primitive Circle 
cbt, which Center A Is the Pole required. 


Problem 1, Caſe 2. The Pole of a Right Bucks 1 1 


Defnirim. A Right Circle paſſeth through the Center of the 
. Primitive Circle, and in the Projection is a Diameter; as BAD. 
Nee, A Right Circle hath its Pole on the Primitive Circle. 

1 Fig xa:1þle, The Pole of the Right Circle BAD is required. 
= 34 Lig R 

The Rule, * the Chords, lay 90 Degrees « on the Pri- 


, ve Circle from B or D, both Ways to C and E;1 ay, CG 
.; and E, are- the Poles of the Right Circle BAD. 

l 

in 


Y Problem 1, Caſe 3- The Pole of as Oblique Circle is required. 


Dejuritien. An Odlique Cine paſſeth not through the Center 
adde Primitive Circle, and in the Projection is repreſented by 
a Arch; D. Plate 3. Fig. Fe 8 Note 


} 
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Vote 1. The Polesof an Oblique Circle, are in a Diameter 
= which paſſeth through its Center. 
2. One of the Poles of an Oblique Circle, lieth between the 
Centers of the Primitive, and Oblique Circles. 
3. Every Great Circle, vince Right, or Oblique, cutteth 
the Primitive diametrically oppoſite. | 


5 * . Example. | 
 BEDE the imitive 
BFD the Oblique *? Circle, and 17 \ its Center given. 
De Pole of the Oblique Circle BFD is required; Plate 3. A.). 
The Rule. 1. Through A and J, draw a Diameter, to cut the 
Primitive Circle in C and Z, and the Oblique Cirele in F. 
2. Lay a Scale on B and E, to cut the Primitive Circle in 
G ; which is called Reducing Fa to the Primitive Circle. 
23. Take go Degrees (from the Scale of Chords ) and lay i 
on the Primitive Circle, from G both Ways to H. 
4. Reduce H to the Diameter CAE, by laying a Scale on 2 4 
and H. to cut the Diameter CAE, beth within the Primitive 
Circle, and without, either of which Points, 1, is the Pole of 
che Oblique Circles BFD. 
Problem 2. To deſcribe a Spheric Angle. 
Definition. A Spheric Angle, is made by the Interſection of 
two Great Circles; the Interſection being the Angular Punct. 
Note, In this Problem are two Caſes. 


Problem 2. Cafe 1. To make an Angle, that the - Purtt 
may be at the Center of the Primitive Circle, 
© The Rule. Such an Angle is made (in all Reſpects) like 
Plain Angle. not 
Example. An Angle BAC equal to 40d. Jom. (whoſe An- ii 
gular Punct 4 may be the Center of the Primitive Lane) { is 1e. 
quired to be made. Plate 3, Fig. 8. . 
1. With a Chord of 60 Dee (on the Center A) defer N 
the Primitive Circle, BC DE. 
2. On the Primitive Circle, and from the ame 7 hotGs, 
make BC equal to 40d. zom. ' 
3. From Band C. draw two Right Circles, or Diameter, i 
through A, which will conclude the Angle BAG required to i 
made. 
Problem 2. Caſe 2. To make an Angle that PE Angular 2 
may be at the Primitive Circle, © 
be Rule, Such an Angle is made by drawing an Obli9 
* with the Secant of the given Angle. 
4 FS Fw 


0 
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Example. An Angle EBF equal to 34d. zom. ( 105% Angu- 
Punt B may be at the Primitive Circle) is required to be 
wurde ? Plate 3. Fig. 7. 

. Deſcribe the Primitive Circle BODE, as before directed. 

2. Lay a Scale on A (the Primitive Circle's Center) and cut 

the Primitive Circle in B and D. 


3. With the Secant of the given Angle 34d. zom. and one 


'F ot in B, deſcribe an Arch 


With the ſame and one Foot on D, croſs the former Arch 


V, in Y; the Center of the Oblique Circle BFD, which will con- 


clude the Angle EBF equal to EDF, required to be made. 


Note ; When the given Angle is Obtuſe, take its dupplement 


to 180 Degrees, and with the Remainder make the Angle as 
above directed, and tis done. 


Pre »blem 3. To draw a great Circle through any given Pun, 1 


that it hall make at the Primitive Circle am given Angle. 


7% Rule. 1. With the Tangent of the given Angle, and one 


Foot on the Center of the Primitive Circle make an Arch. 
2. With the Secant of the ſame, and one Foot in the given 


Funck, cut the former Arch, which point of Interſection, is the 
D Center of the Circle required to be drawn. 


Example. Plate 3. Fig. 7. 
BCDE the Primitive Circle 


A the Center thertof — e given ; ; 
F the Punct 
Through F, to draw an Oblique We that it may make an 


_ Angle it the Primitive Circle, equal to 34d. 30mi is required: 


:Vote ; The given Point mutt be ſo far from the Center of the 
Primitive Circle, that the Tangent from the Center, and the 
Secavt (of the ſame) from the given Punct, may interſect, or 


WW cut cich other; otherwiſe 'tis impoſſible. 


1. With the Tangent of 34d. * and one Foot in A, 1 


an MY LY. 
. Then with the Secant of the ſame, a one Foot in F, 


cui 8 Arch Y in Y, the Center of the Oblique Circle BF D. 
required to be drawn; and if B, and D, are diametrically oppo 
lite, 'tis done true, otherwiſe _ 


Problem.g. To drato a Great Circle, through any two Pune 


en; either both within the Primitive Circle, or one within, 
dad the other without. 


12 Rule, 1. Draw a Line from the Primitive Circle's Center, 
| Unc” one (always the remoteſt) of the two Puncts, to cut the 


Pr rom! ve Circle, and produce it at Pleaſure. 
H 2. From 


1 14 Spheric Geometry. | Chap V. 


. From the fd Pan, draw another Line to a Punct in the 
Primitive Circle, that 1s bod. diftarice from the firſt Line. 
3. On the laſt. Line, and at the Pun in the Primitive Cir- 
12 erec̃t a Perpendicular, to cut the firft Line in the third Purict, 
Through the two given Puncts, and this laſt third Point, 
* (by Chapter t. Seck. 3 Problem - 7. of Practical Geamerry, 
in Page 15.) an Arch ofa Circle, and *tis done. 
Example Plate 3. F. 2. 9. 
BC DE the Primitive Citcle 
A the Center thereof given Y 
© Fand E, two Puncts 
Through Fand G 'tis required to draw a Great. Circle? 
I. Thro' A and F, draw the Right Circle BFAD, to cut the 
Primitive Circle in B and C, and continue it further at Pleaſute. 
2. Lay the Chord of god. on the Primitive Circle from H, or 
from D, to C or E, and draw the Line FC or FE. 
3. AtC erect CH perpendicular to CF, or at E erect ZH 
perpendicular to EF, to eut the Diameter BFAD in H, the 
third Punct. 
4. Through F, G, aid EH, draw a Circle I F GK H, which 
will cut the Primitive . in 1 and K, diatnetrically oppoſite, 
and *tis done, p 


Problem 5. To A a Oreat Cirel otryabdicular to, or at 
Ri hi- angles with a given Great Circle. 


4A Gn Rule. Draa Great Circle through the Pole, or 
Poles of the given Great Circle, and *tis PORE to it, ot 
it makes a Right-angle with it. 

Note, In this Problim are four Caſes, 


Problem 5. Caſe 1. 77 draw @ Great Circle 222 fo 
the Primitive Circle. 


The Rule, This is done by erawing a Diatheler thro the 

Center of the Primitive Citcle ; for the Center of the Primitive 

Circle being its Pole, all Right Lines drawn through the Center, 

ate perpendicular Circles to the Primitive Circle: 4 

Example. Plate 3+ Hg. 7. 

BCDE the Primitive Circle, and A its Center given; 3 To 

draw a great Circle perpendicular to it, is required? | 
Through A draw the Right Circle BAD, and *tis pen. 


cular to the Primitive Circle BCDE, as Was required. 
Problem 


Problem bo Gaſe 2, T draw a Right Circh perpindicular to a 
given Right Circle. 


The Rule. This is done by drawing a Diameter at Right 
Angles to the given Right Circle ; or quartering the Primitive 
Circle (by Chapter t. Section 2. Problem 8. of e Geo- 
metry, in page 15. ) with two Diametets. 


Example. Plate 3. Ng. 
bc DE the Primitive and A it's Center I 
BAD is a Right þ given 3 
To draw a Right Circle perpendicular to the Right Circle 
BAD, is 1 ? 
Draw the Diameter CA E perpendicular to BAD, or from 
5 e Chords lay god. on the Primitive Circle from B, or from 
D, to C and E, which are its two Poles, and through C, 4, 
8 E, draw a Diameter, and *tis dohe, 
Problem 5, Caſe 3. To draw an Oblique Circle perpendicular to 
- @ given Right Cirth, 
The Rule, 1, Find the two Poles of the given Right Cirele, 
by Problem 1. Caſe 2. of Spheric Geometry, in page 111. 
Draw an Oblique Circle CR thoſe two Poles, and lis 
Find 


Circle, 


Example. Plate 1 Fig. 7. 
B CDE the Primitive Circle 
A the Center thereof —— 28 giren; ; 
BAD is a Right Circle 5 

To draw an Oblique Circle, perpendicular to the Right Circle 
92 8 is required ? 
| 1, Take the Chord of god. and lay it from B or D, both 
Wa ys to C and E, which are the two Poles of the Right Circle 
& 4 D, 

2. With any Diſtance, and one Foot on C and E, draw 
Arches to = each other in X, the Center of the Oblique 
. 12 i required to be drawn. 

I 4G be known, or limited to a certain PER 
the c TN its * by n a Circle through the three Puncts 
on 74, all 
Or, 2, If AG be any knowh Quantity of Degrees, then 
lake te Secant of its Cotnplement, ard ſetting one Foot on C, 
4 Or E, de other will croſs, the given Right Circle, in the Center 
d. re \Joligue Circle required to be drawn, 

H Problem 


* 
> 


— 
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——_ 1. Caſe 3. of Spheric Geometry, in pages 111 and 112, 


trically oppoſite, and tis done. 


Problem 6. Caſe 2. Ty 0 lay any Quantity of Dar on 4 


Problem 5. Cafe 4. To draw'an Oblique Circle, perpendicular t 
2 given Obligue Circle. 
The Rule, 1. Find the two Poles of the given Oblique Circle, 


hro? thoſe Poles draw a great Circle, which will cut the 
Oblique Circle at Right Angles, and the Primitive Circle diame- 


Example. Plate 3. Fig. 16. 

2 18 ng Circle, and 12 8 its Center given : 

To draw 8 Oblique Circle perpendicular to the Oblique 
Circle BFD, is required? 

1. Find G, the Interior, and Exterior Pole of the given 
Oblique Circle BF D, by Problem 1. Caſe 3. ha Spheric Geametry, 
in pages 1711 and 112. 

2. Through G, draw the Circle HIGK, to cut the Primi- 
tive in H and K, and the Oblique Circle BED in I (fo that 
HAK is in a Diameter) and *tis done; for then the Ange 
"BIH is a Right Angle, and the Oblique Circles BIF D, and 
 HIGK, are perpendicular to one another. 

Note ; - I. If the Pun&T (on the given Oblique Circle) is gi. 
ven; then draw a Circle through I, and the Interior Pole G, 
(by Problem 4. of Spheric Geometry, in page 113.) and tis done, 

Or, 2. If it be required, that the ſaid Oblique Circle ſhall 
make a certain Angle at the Primitive Circle, then draw a Circle 
through the faid Pole G, by rob. 3. of Spheric e . 


Page 1 nds 


Problem 6. To lay any Quantity if 7 Degrees on any Great Cinch 
In this Problem are three Caſes. 


Problem 6. Caſe i. To lay any Quantity of Degrees 0 on tt 
Primitive Circle, 


De Rule. This is done by, or from the Scale of Chard dre 
Example. Plate 3. Fig. 8. 

- BCDE the Primitive Circle, arid A its Center given; 
Tol 40d. zom. on the Primitive Circle from B, is required f 
From the Scale of Chords, take 40d, 3om. and lay it on the 

Primitive Circle from B to C, and *tis done. | 


Right Circle. 


The Rule. This is as from the Scale of Half Tangents 


counting the Beginning thereof to be the Center of the Primitiis 
Circle, Example: 


wet 1. 2 No Spberic Ceometry. Fi 11 7 


* Examp le. Plate 3. Hg. 11. 
z DE the Primitive Circle, and A its Center 1 mts 
BAD is a Right Circle 8 
On the Right Circle BAD, Aan A. to lay 40d. zom. or 

from B, to lay 49d. 30m. is required? 

From the Half-Tangents, take 49d. .zom, and lay it on the 
Rioht Circle BA D, from A to J; or 49d. 3om. the contrary 
Way of the Half-Tangents, laid from B to , and tis done. 
For Al and B together are equal to 90 Degrees. 


— 


— 


Problem 6, Caſe 3. To lay any Quantity of Degrees on an 
| Oblique Circle, 
The Rule. 1. Find the Poles of the given Oblique Circle, by 
problem 1. Cafe 3. of Spheric Geometry, in pages 111 and 112. 
2. Lay the given Quantity of Degrees on the Primitive Cir- : 
cle, by Caſe 1. of this Problem. 

. Reduce it from the Primitive Circle to the given Oblique 
Circls, by laying a Scale on either of its Poles, and tis done. 
Example. Plate 3. Fg. 11. 

30 51 Obige 3 Circle, and 7 9 its Center given. 


ö On on 3 Circle BD (from B) to lay 570. zom. is 

a Foquir 5 

ux A and 7. draw the Diameter CA E, ah find G che 1 
e Pele ol the Oblique Circle, by Prob. 1. Caſe 3. in page 111. 1 
n 2. From the Scale of Chords; take 51d. 3om, apd lay it on 


the Pritaitive Circle, from B to H. 
3. Lay a Scale on G and H. to cut the Oblique Circle BED 


= 7 1 then is E] (on the Oblique ROD! equal to * zom. 
ss required. 


F 
* 


he 
Problem 7, To 8 am Part of a Great Circle. 
an this Problem are three Cafes, which are but the Converſe 
ol tile in the laſt Problem, | 

; Problem 2. Caſe t. To mea ſur e any Part of the Primitive Circle. 
19 The Rule. Take the Pal required to be meaſured, and lay it 
th: on 1 e Scale of Chords, and it 3 eth how much it is. 
= Example. Plate 4. Fig. 8. 


5 DE the Primitive Circle, and & its Center given ; ; 
: ure BC, a Part of the Primitive Circle, is required ? 1 
ens Wl 7% the Extent BC in the Compaſſes,” and lay It on the 1 
ire BY Chee, » which will ſhew how many Degrees BC doth meaſure. 1 
1p | | x H 3 | | Pr oblem 1 


% | | 2 
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Problem 7. Caſe 2. To meaſure any Part of d Right Circle. 
The Rute 1. If the Part to be meaſured lieth next the Center 


bol the Primitive Circle, then tis meaſured on the Scale of Half. 


Tangents, from the Braſs Center Pin at the beginning thereof, 

2. When the Part to be meaſured lieth next to the Primitive 
Circle, then *tis meaſured on the Scale of Half Tungents, from 
god, counting 8od, to be 10d, 70 1 to be 20, 60 to be 30, Ce. 


Example. Plate 3. Pig. 7. 


BDE the Primitive Circle, and 4 its Center 


34 D a Right Circle - ly” given ; 3 


To meaſure A!, or BJ, on the Right Circle BAD, is red? 

1. Take Al, and lay it on the Scale of Half-Tangents from 
the Braſs Center-Pin (at the beginning of it) which will ſhew 
how many Degrees it is, Or, 

2. Take BI, and lay it on the Scale of Hatf-Tangents from 
god. backwards, counting 80d. to be 10, and 70 to be 20, &c, 
which will thew how many Degrees BI is. And, 

Nete, That A!, and BY, will make together juſt god. they IJ 

being Complements to each other. | 


Probleto 7. Caſe 4... * meaſure any Part of an Oblique Cir, 


V The Rule. 1. Find the Poles of the given Oblique Circle, 
by Problem 1. Caſe 3, of Spheric Geometry, in pages 111 
and 112. 

2. Lay a Scale on either of the faid Poles, and the Part deſired 


| to be meaſured, and reduce it to the Primitive Circle. 


3. Being thus reduced to the Primitive Circle, tis meaſured 
en the e * Chards, as before i in Caſe 1. of this Problem, 


Example. Plate 3 By. 1 ue 


BCD E the Primitive 
Bl FD an Oblique $ Circle, and 47 5 its Center given. 
To meaſure BI, and FI, on the Oblique Circle BIFD is required? 


wh. Find G the Pole of the Oblique Circle BIRD, by Prov. . 
1 215 Spheric Geometry, in pages 111 and 112. 
y a Scale on & and 1, to cut the Frimiixe Circle 


3. Then 


” N * * * A + KO __ 
* mat 8 , 4 TP & 2 p hate — Ana — — +4 ——— —ͤ— hes. 
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Then FH meaſured on the Scale of Chords, is ; the Mea- 
FI; ; and. BI on the ſame Scale of Chords is the Meaſure 


' Problem "Ul 7 meaſure any Spheric Angle. 
In this Problem are four Caſes ; and this is 


Iſtance of the Poles of the containing Sides, is i 0 
ature of the contained Ange. 


8. Caſe 1. To meaſure an Angte, * 775 Angular 
Punt? is the Center of the Ps imitive Circle. 


Rule. Such an Angle is meaſured (like a Plain Angle) 
aps Circle, by a Scale of Chards, 4 


Example. Plate 3. Ng. 8. 

the Primitive Circle, A its Center, and the Angular 
uct given; to meaſure the Angle BAC is required? 

e BC, and meaſure it on the Scale of . {hcws the 
BAC, how much it is, 


8. Caſe 2, To meaſure an Angle, when zts laub, 
Punt is at the Primitive Circle, © 


1 1, of Spheric Geometry, in Pages it and T1, 
he Diſtance of thoſe two les; is the ſie” of the 
= Angle, 

t. When the two Poles are in one Diameter, or Right 
tis meaſured on the Scale of Half-Tangents. 

hen they are not in one Diameter, then reduce them 


and the ſaid two Poles, which Diſtance being mea- 
the Scale of . is my Meaſure ou the require 


. 8 r Plate a Pig 8. 
e Primit „ 
D an CU g Circle, an a3; Y 5 61 it's Center Feen. 
er A and V, draw a Diameter to cut the Primi- 
le in H and J, and the Oblique Circle in G. 


FD. H 4 3. The 


\ 


40 eneral Rule. A Spheric Angle is meaſured by the Ab 
eat Circle, intercepted between the two ding: 
| the Angular Punct being the Pole of that Circle. Or 


Rule. I. Find the Poles of the two containing Sides, by 


Primitive Circle, by laying a Scale on the Angular 


ire the Angle EDF, equal to the Angie EBF is required. 


L 1. Diameter Ta, find K, the Pole of the Oblique 
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Problem 7. Caſe 2. To meaſure any Part of a Right Cin 


The Rule 1. If the Part to be meaſured lieth next the | 
of the Primitive Circle, then *tis meaſured on the Scale gf 
Tangents, from the Braſs Center Pin at the beginning thet 

2. When the Part to be meaſured lieth next to the Pr 
Circle, then *tis meaſured on the Scale of Half-Tangents, 4 

god, counting Bod, to be rod. 70 to be 20. bo to be 30 


Example. Plate 3. Fig. 7. 


BC DE the Primitive Circle, and A its Center 
BAD a Right Circle 


= ether 1 


To meaſure 40, or BI, on the Right Circle B 4D, is rec 
1. Take AJ, and lay it on the Scale of Half- Tangent 
the Braſs Center-Pin (at the beginning of it) which wif 


how many Degrees it is, Or, | 
2. Take BI, and lay it on the Scale of Ha Fange 
pod. backwards, counting 80d. to be 10, and 70 to be 
which will ſnew how many Degrees B is. And. 
Nete, That A!, and BI, will make together Juſt 9c 
being Complements to each other, * | 


Proble v 7: Caſe 13 meafurt any. Part of a5 Oblique 


The Rule. 1. Find the Poles of the given Oblique 
dy Problem 1. Caſe 3. of Spheric Geometry, in pag 


and 112. 
2. Lay a Scale on either of the faid Poles, and the Par 


to be Aae and reduce it to the Primitive Circle. 
. Being thus reduced to the Primitive Circle, *tis 
on the Scale of Chards, as before in Caſe 1. of this Prob 


Example. Plate 3. Big, II. 


BC DE the Primitive 
BIF n Oblique > Circle, and 47 's its Cent 


To o meaſure BI, and FI, on the Oblique Circle BIFD i is 


* Find G the Pole of the Oblique Circle BIRD, by 
1 21 Spheric Geometry, in pages 111 and 112. 
J 2 Scale on & and 1. 2 cut the Een 


Set, I. Spheric Geometry, 119 
3. Then EH meaſured on the Scale of Chorgs, is the Mea- 
ſure of FI; and. BI on the ſame Scale of Chords is the Meaſure 
f Bl. | 
f | Problem 8. Tom meaſure any Spberic Angle. 
In this Problem ar- four Caſes; and this is 
A Gauer al Rule. A Spheric Angle is meaſured by the Ph 
of a great Circle, intercepted between the two containing 
Sides, the Angular Punct being the Pole of that Circle. Or 
the Diſtance of the Poles of the containing Sides, is equal 9 
the Meaſure of the contained Angle. 


Problem 8. Caſe x. To meaſure an Argle, when its Angular 
Punt? is the Center of the Primitive Circle, 


The Rule. Such an Angle is meaſured (like a Plain Angle) 
on the Primitive Circle, by a Scale of Cherds, 


Example. Plate 2. Ng. 8. 
BCDE the Primitive Circle, A its Center, and the Angular 
Punct given; to meaſure the Angle BAC is required ? 


Tae BC, and meaſure it on the Scale of kind lhews the 
Angle BAC, how much it is, 0 


Problem 8. Caſe 2, To meaſure an Angle, when its 2 


Punt is at the Primitive Circle. 


The Rule, 1. Find the Poles of the two containing Sides, by 
Problem x, of Spheric Geometry, in Pages 111 and 112. 


2. The Diſtance of thoſe two N is the Meaſure of the 


5 required Angle. 


Note r. When the two Poles are in one Dies; or Right 


Circle, *tis meaſured on the Scale of Half-Tangents, 
2, When they are not in one Diameter, then reduce them 


to the Primitive Circle, by laying a Scale on the Angular 
Punt, and the faid two Poles, which Diſtance being mea- 
ſure on the Scale of __ is the Meaſure "ue the s poured 


Ang 


DE 5 Example. Plate 3. Fig 8. 
| =C e Primitive e 


wag ure the Angle EDF, 1 to the 1 EBF is required 


„Through A and Y, draw a Diameter to cut the Primi- 
tive ! Circle i in H and I, and the Oblique Circle in G. 


"ci 2. 5 the Diameter AH, find | K, the Pole of the un 
UC 


120 Spheric Geemetry. Chap. V. 
* The Diſtance AK, or GI, meaſured on the Scale of 
ET 


angents, (the latter the contrary Way on that Scale fiom 
god.) ſheweth how much the Angle EDF, or EBF, is, 


Problem 8. Caſe 3. To meaſure an Angle when its Angular Punt 
is not in the Conte of,, nor at the Primitive Circle. | 
The Rule is this: Find the two Poles of the two contain- 
ing Sides, by Problem 1. in pages 111 and 112, 
2. Reduce thoſe two Poles to the Primitive Circle, va 
meaſure the Diſtance of them on a Scale of Chords, and lis 
done. 

Nate, Reduce, is to lay a Scale on the Angular Punct (re. 
quired to be meaſured) and the ſaid two Poles, to cut the Pri- 
mitive Circle. 

Example. Plate 35 Ng. 8. 


BCD E the Primitive *: 
BOD an Oblique gore, 548 Y Sit Canons - 7 
CAFE a Right. cuts the Oblique in F. * 
To meaſure the Angle DFE, or BFE is required? 
1 Through A and Y, draw the Diameter IAH, and in it 
find K the interior Pole of the Oblique Circle BGF D, as before 
in the laſt Caſe, Eb 
2, Find L the Pole of the Right Circle CAFE, by Noble 
1. Caſe 2. of Spheric Geometry, in page 111. 


3. Reduce K te the Primitive Circle (by layi ing a Scale on 


F and K, to cut the Primitive Circle) and tis M: Then LM 
meaſured on the Chords, ſheweth how much the Angle DF — 
or BFE, is; one Acute, and the other Obtuſe. 


Problem 8. Caſe 4 To meaſure an Angle, when the contain 
ö ine Sits are both Oblique Circles, 5 
Example, Plate 3. Fig, 12. 


BCDE the Prinutive A 1 | 

_ CHFE an Oblique Count and) You its Center given p 

BFD an Oblic ue I X 
To meaſure the Angle DFE, or BFE is required 5 


1. By A, and Y; and A, and X, draw two Diameters ; in 
them find J, and K, the two Interior Poles of the containing 
Sides, by Problem 1. Caſe 3. of Spberic Geometry, in pages 

Fir and 11%. . 
2. Reduce thoſe two Poles, I and K, (by laying a Scale on the 
Angular Punct F, and them) to cut the Primitive Circle in L 
and M; which being meaſured on the Chordi, ſheweth how much 
the Angle DFE, or BFE, is; one ws the other el . 

roble 
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Problem 9. To draw a Parallel Circle. 
Definition. A Parallel Circle, or a lefler Circle, cutteth the 
Sdogbere into two unequal Parts, and lieth parallel to a Great 
Y Circle. | 

28 In this problem are three Caſes, ao 
3 problem 9. Caſe k. To draw a Circle parallel to the pries 
Circie, at any given Di iftgnce from it, or from its Pole, 


The Rule, With. the Half-Tangent of its Diſtance from the 


| Pole, and one Foot on the Center of the Primitive Circle, — 4 
a Circle, and tis done. 


Example. Plate 3: Tie. 7. 
DE the Primitive Circle, A its Center given; 3 to draw 2 
Circle parallel to BCDE, at 3od. Diſtance from it, is required? 
With the Half- Tangent of bod. (the Complement of zod. and} 
its Diſtance from the Pole of the Primitive Circle, ſet one Foot 


in A (the Center, and Pole of the Primitive Circle) and deſcribe 
the Circle Imo, W which 1 1s parallel, as required? 


prob em 9. Caſe 2. To draw a Circle parallel ta a Right Circle. 
The Rule. 1. From the Chords lay the Parallel's Diſtance from 
the Right Circle, or the Complement thereof, from one of the 
poles of the Right Circle, both W ays, and note thoſe two 
Marks on the Primitive Circle. 

2. With the Tangent of the Parallel's Diſtance from the Pole 
of the Kight Circle, and one Foot on each of thoſe two Marks, 
deſcrive Arches to cut each other, in the Center of the Paral- 
ict Circle required to be drawn. 

Example. Plate 3. Fig. 7. 
BCE the Primitive Circle, and A its 2 
34D is a Right Circle — —Teiven; Iv 


Jo %raw a Circle parallel to BAD, at a Diſtance from it, or 
50d. Diſtance from C, its Pole, is required? 
1. Lay 40d. from B to p, and from D to ; or lay its Com- 


plement od. from C, one of the Poles ot che Right Circle, both 
Ways to the faid 5 and 3 


Wich the Tangent of 50d. and one Foot on 00 J 7 gane 


the Arch y; which Point of Interſection at 1, is the Center af 
vie parallel Circle 2 1 required to be drawn, 


Problem 
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Problem 9: Caſe: 3 1 "4 Circle parallel to an uu, 
ll. 

The Rule. 1. Find the Interior Pole of the given Oblique 
Circle, by Problem 1. Ca/e 3. in pages 111 and 112, which 1e. 
duce to the Primitive Circle, and therefrom lay the Parallels 
Diſtance from the Pole both Ways, which being reduced to the 
Right Circle, is the Diameter of the Parallel Circle. 

2. Find the middle of the ſaid Diameter, which is the Center 
of the parallel Circle paſſing through thoſe Rwy and tis done, 


Example. Plate 3. Fig. 11. 
BCD E the Primitive 


BFD an Oblique ECircle, and 2 5 Tits Center given; ; 


To draw a Circle parallel to BFD, at 40d. Diſtance from it, 
or 50d, Diſtance from its Pole is required Fon 
1. Find G the Pole of the given Oblique Circle BFD, by Pro 
 blem 1. Caſe 3. of Spheric Geometry, in Pages 111 and 112. 
2. Meaſure AG on the Half- Tangents, and ſuppoſe it io be 
od. then add 50 to it, and ſubtract it from 50; the Sum $0, 
| by # from A to #; and the Difference 20d. lay from A to l. 
Or thus; Reduce G to the Primitive Circle, and from it by 
50d. both Ways, which reduce to the Right on” "—_ the 
fame Points & and . 
3. Find m the middle between # and , and on m as a Center, 
draw a Circle to paſs through & and 1 which is the Parallel Cu- 
cle required to be drawn. 
Thus much for Problems neceffary for the making, 2 and mea- 
ſuring Spheric Triangles ; which I adviſe the Learner to acquaint | 
Himſelf with, and then the following e wil be the 
better underſtood. 


SeQtion Il. The U Tſe of the Nine preceding Problems, in mating 
any Spheric Triangle, and meaſuring its Parts; er the 
Doctrine of Spheric Triangles Geometric. I 
Definition I. A Sphere. or Globe, is a round Body made by 
the. moving a Semicircle about its own Da- 
meter, till the Motion end where it firſt began. The _ 
circle's Diameter, is the Axis, or Diameter of the Sphere; 
the middle of which is a Punt, called the Center; from 3 
all Right Lines drawn to the Surface, or Outſide of the Sphere, 
1 equal. OW 

2. A Spheric Triangle, is deſcribed on the Surface of tt? 
— whoſe Sides are the Arches of three great ere 
mutual 
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nelly interlecting each other; and is either Quadrantal, 
Rcctang zular, or Obliquangular, | 


A Quadrantal | 4 one Side y 
2. 34 Rectangular Tring mae Ks god, 
- An een; a no Side a Quad rant 


cod. nor any Angle — 

In every Spheric Triangle, ch Side is 1efs than by 
| Somicircle, or 180 Degrees, 

The Sum of any two Sides, is greater than the third Side. 
3. | The three Sides added together, has Sum is less than 


Fe Degr Se. 


ö Nicht Angles, or 1 80d. _— 9 8 leſs than Six Rights, or 
540 Degrees, 


a Refangular Spheric Ti riangle. 


et es the Ne muſt be given. 
EKxapple. 12 21 A Fig. 1. 

Hypotenuſe AC 544. 25m, 5 
Ie Les Ee 23d. 3om. | given; 
With them to ane „ Rents Spheric Triangle is required ? 
„ Draw the Primitive Circle with a Chord of bod. a Sine of 
god. or with a Half Tan ent of god. and quarter it, Which 
muſt de done in every Pro 


the Primitive Circle, or at its Center. 

F, If at the Center of the primitive Circle, then 

1. Draw (by Problem 9. Caſe if pberic Geometry) fi 

Lice parallel to the Primitive, at 52. 25m. (the given 

Hyp0tcruſe) Diſtance from its Pole; that is, wich the Half 

Fug nt of gad. 25m. and one Foot on A (the Center of the 

ve Circle) deſcribe a Circle. 

+ hen (by the 2d Caſe of the aforefaid Problem) draw 2 2 

© Pa to a Right Circle, at 23d. zom. (the given Leg) 
- from it: Theſe two parallel Circles cut each other 


4 Through A and C, draw a Great Circle, which in this 
Gale! 's a Right Circle; that is, a Diameter: And from C (by 
Problem 5 9 1. of —_— ah in 19 9 115.) draw a 
great 


. The Sum of the three Angles, is ever more than two 


Problem 10. The Hypotemſs, and one Le given ; to make 


Vote, To make a Rectangle Spheric Triangle, two things | 


Then conſider, whether one of the Oblique Angles {hall be at þ 


8 
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à great Circle perpendicular, or at Right. angles to AB, which 
in this Ca/e will be an Oblique Circle, and tis done. 


Or, 
8 wed To make the Triangle, that one of its Ci 
Angles may be at the Primitive Circle. 


I. The Circle being deſcribed, and quartered as before . ; 
rected. Then, | 
2. Draw (by Problem 9. of Spheric Geometry ) a Circle para. 
lel to a Right Circle, at 54d, 25m. diſtance from A its Pole, 
23. And (by the aforeſaid Problem) draw a Circle parallel w 
the Primitive Circle, at 23d gom. diſtance from it, that is, 
take 66d. 3om. from the Scale of Half. Tangents, and with ons 
Foot on the Center draw a Circle, to cut the former Paralle 
8 .. 
Then through A and C draw a Great Circle, which i in 
this Caſe will be an Oblique- Circle ; and from C (by Prob. 3. 
Caſe 1. of Sphcrit Geometry, in page 114. ) draw a ' Suh Circle 


perpendicular to AB ; which in this Cafe will be a Roght Circh, T 
and tis done. = = 


To meafure the Things 5 | F 
Wl. C Leg) MB omen is meaſured, 7. page 115. 
kk The 7 Angles BAC and ACB toy Problem 8. Page 10 110. 
| 3 5 | Problem 11. The Hypaotenuſe, and one * given ; : to make 
'Þ FO a Triangle. | 
1 Example. Plate 4. Hg. 2. 


Hypotenuſe 40 54d. 25m. 
The > Angle BAC — 2 zom. $ given 3 
With them to make a Rectangle Spheric Triangle, is required ? 
Firſt ; To make the Triangle, that the given Angle BAC 

may be at the Primitive Circle's Center. 

1. Having deſcribed the Primitive Circle, and quartered it I 

as before directed in Problem 10. make the Angle BAC equal to | 

20d. zom. (by Problem 2. Caſe 1. in page 112. of Spheric 

cy z) that is, from the Scale of Chords, lay 29d. zom. 
on the Primitive Circle, and therefrom draw a Line through 2 

the Center of the Primitive Circle. 


2. Make AC equal to 54d. 25m. (by Problem 6. Caſe 2. in 
page 116, of Spheric Geometry;) that is, from the Scale of 
Half-Tangents, lay 54d. 25m, from 4to C. 

3 * roblem 5, Cale 3: in page 115. draw a Circle from C, 


perpen · 


1 


. 
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. .ypendicular unto AB, to cut the Right Circle AB in B; 
ich in this Caſe is an Oblique Circle, and "tis done. 


may be at the Primitive Circle. 
7. After the Primitive Circle is made, and quarter'd as be- 


blem 2. Caſe 2. in page 112.) make the Angle at A equal to 


| the given Angle, as is the Oblig ue Circle AC. 
2. Then (by Problem 6. Cale 3. in page 117.) lay 54d. 


blem 9. Caſe 2. in page 121.) a Circle parallel to a Right Cirete, 

at 54%. 25M, Diſtance from A, its Pole, to cut the Oblique 
Cucle AC in C. 

Z. By Problem 5. Caſe 1. in page 114, draw a Circle from 

, perpendicular to the Primitive Circle AB, to cut AB in B; 
which in this Caſe is a Right Circle, and tis done. i 

e To meaſure the Things required. 


— > 


Leg AB, and BC ks theaſured. by Prob. f 7. page 117. 


. | 
Y The ? Angle ACB— 8. page 119. 
Problem 12. A4 Leg and its adjacent Angle given; to mate 4 
8 Triangle. Example. Plate 4. Pig. 3. 
Leg AB 500. om. 8 

The 1 BAC 29 & ny 5 ours 

With them to make a Rectangle — Triangle, is is required? 
Fi, To make the Triangle, that the given Angle (BAC) 

may be at the Primitive Circles Center. 

I. The Primitive Circle being deſcribed, and quartered 25 

before, and A placed at its Center; then (by Problem 2. Caſe f. 


10 29d. Zom. by drawing the Right Circle AC. 
2. By Problem 6. Cale 2..in page 116. make AB equal to 

50d. zom. that is, from the Scale of Half-Tangents, lay 50d. 
Zoom on the Right Circle from A to 83. 

3- By Problem 5. Caſe 3. in page 115. draw from B, an 
Oblique Circle BC, perpendicular to the Right Circle AB, to 
cut the Right Circle AC in C, and 'tis done. Or thus, 


0 AB 50d. zom. ) ſetting one Foot in B, the other Foot marks 


Ob lique Circle BC, which concludes the Triangle. 


may be at the Primitive Circle. 2 7 NTT A 


8 5-:-d/y, To make the Triangle ſo, that the given Angle 


bre, let A be one of thoſe Marks or Quarters : Then (by Pro- 


20d. zom. by drawing an Oblique Circle with the Secant of | 


25m. on the Oblique Circle from A to C. Or, draw (by Pro- 


| in page 112. of Spheric Geometry) make the. Angle BAC equal 


om the Scale of Secants, take 39d. H (the Complement 
out (on the Right Circle AB extended) the Center of the 
Second, TO make the Triangle ſo, chat the Lo Angde 


in pages 118 and 120. 


| With them to make a Rectangle Spheric Triangle, is required? 


Center, (by Problem 2. Caſe 1. in page 112.) make the Angle 


Oblique Circle BC, perpendicular to the Right Circle 4B, u 
cut AB in B; and tis done. 


Page 112.) make the Angle BAG equal to 29d. 3om. by draw- 
N 

cle, parallel to the Primitive Circle AB, at 23d. zom. diſtance 

from it, to cut the Oblique Circle 40 in C. Or thus, Wit 


and one Foot in the Center of the Primitive Circle, with. be 
other cut the Oblique Circle in C6. 
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1. A being on, or at the Primitive Circle, then by Probem 

2. Caſe 2. in page 112.) make the Angle BAC equal to 2c, 

zom. by drawing the Oblique Circle 40, with the Secant theres 
2. By Problem 6. Caſe 1. in page 116. make 4B (on th 

Primitive Circle) equal to 50d, 30m. by laying the Chord & j 

from 4 to B. YO | 

5 3. By Problem 5. Caſe I. in. page 114. draw a great Circle 

from B, perpendicular to AB, as the Right Circle BC, to cd 

the Oblique Circle 40 in C, and *tis done. 

7 wes rs —_— = Things required, 

: „and Hyp. AC 
The ; Angle 40 4 


* 


5b meaſured by Problem a 60 


— 


Problem 13. 4 Leg, and its oppoſite Angle given; to gate 
„ TR. 3 
8 Plate 4. Fig. 2. 
The Leg C——220. 30m. 88 os 
e Angle BAC 29d. zom. * 


Primitive Circle's Center. = Toe Ws 
r. The Primitive Circle drawn, Sc. as before, and A at its 


Firſt ; To make the Triangle, with the given Angle at the | 


BAC equal to 29d. 3otn. by drawing two Right Circles 4B, 
and A0. 8 F 

2. Draw (by Problem 9. Caſe 2. in page 121.) a Parallel 
Circle, parallel to the Right Circle AB, at 23d. zom. diſtance \ 


from it, to cut the Circle 40 in C. e e HE 
3. From C (by Problem 5. Caſe 3. in page 116.) dtv an 


© Stcondy, Lo make the Triangle, that the given Ange m, 
be at the Primitive Circle. | e | 


g the Oblique Circle 40, with the Secant thereof. 


2. By Problem g. Caſe 1, in page 121. draw a parallel Cit- 


the Half- Tangent of bbd. 3om. (the Complement of 234. 30m.) 


. 


3. From C {by Problem 5, Caſe i, in page 114) a Ra 
: 9 | 400 Cle 


2 


s. II. Spberi 7 rigonometry Unaueir. 117 4 | | 
e Ne, perpendicular to the Primitive Circle 4 B, to W I 4 
in B, and 'tis done. 4 
To meaſure the Things required. 1 IS 


Hyp. AC, and Leg * © meaſured by raus K i | | ; 


| Angle A G 8 8. 
| Pages 117, 118 and 119. | 
Pr chem 14. Both Legs given, to male a Spheric 7 riangle. 
| Example. b 4. Hg. 5. | CEN 
AB om. ; 
The Leg $36 172 5 9 given ; _ 
With them to make à Rectangle Spheric Triangle is required? 
Ne, To make the Triangle, that one of the Oblique Angles | 
may be zi the Primitive Circle's Center. | 
4 1. A, being at the Center of the Primitive Circle, draw the 
ERioht Circle AB, and thereon (by Problem 6. Caſe 2. in page 
46.) make 43 equal to god, Zorn, " laying the Half-Tangear | 
C:thcreof from 4 to B. „ 
„ From B (by Problem $5. Caſe 3, in Page 115.) draw an 
Oblique Circle NC perpendicular to i. Or thus, 
With the Secant of 29d. 3om. (the Complement of god. 3 
and one Foot on B, the other Foot marks out (in the 
eie 12 extended) the Center of the Oblique Circle 86. 3 
| „ Dia (by Problem 9. Caſe 2. in page 121.) a Parallel 
" WCicle, parallel to the Rioht Citcle AB, at 23d. 3orh. diſtance 
| from it, to cut the Oblique Circle BG in C. Ot thus, 
By Problem 6. Caſe 3. in page 177. lay 23d. zom. on the 
oblique Circle, from B to C. 
S 4 Through 4, and C draw a great Circle; which in this 
| $ Caſe is Right Circle, and 'tis done. 
Secendy, To make the Triangle, that one of the Oblique 
fag les may be at the Primitive Circle, 
By Problem 6. Cale 1. in page 116. make AB N to 
11 zom. by AY the Chord thereof on the Primitive C 
from 4 to B. _ 
2. From B (by preblem 5. ' Caſe 1. in page my Srv 1 
W 


Great Circle erat to the Primitive YE hich in 
itis Case is a Right Circle) as BC. 

. Draw (by Problem 9. Caſe 1. in page 121.) a Parallel 
Circle, parallel to the orimitive Circle AB, at 23d. zom. di- 
tance irom it, to cut the Right Circle BC in C. Or thus, 

From the Scale of Half-Tangents, lay 66d. zom. (the Com- 
plerent of 23d. zom.) from the Center of the Primitive Circle, 
on the Right Circle to C. 4. Through 


5 
x } 
| : 
j 
| 
} 4 
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The Label BAG and AGB N meaſured by Problem (7 N 


Cafe 3. in pages 111 and 112. 


by Problem 7. of Spheric Geometry, in pages 1 17 and 118. 
deſcribed, and reſolved by the laſt hx . 4 in like many 


do be foreknown, whether Acute or Obtuſe; other wiſe 0 


4. Through A and C, draw a great Circle; which in th : 
Cale is an Oblique Circle, and tis done. 9 


To meaſure the things required, 
Hypotenuſe AC 


in pages 117, 118, and 119. 


Problem 1 5. Both the Angles given; to make a Spberie Triagl. 
Example. 57 N 4 a... N 
BAC 29d. zom. 

The Angle 3 ACB 1 * m.2 given; 
with them to make a Rectangle doheric Tale, is required) 
1. By Problem 2. Caſe 2. in page 112, make the Angle 34% 

equal to 29d. zom. by drawing the Oblique Circle 4B, wi 
the Secant thereof. | 
2. Find I the Pole of the Oblique Circle 4B, by Problem 1, 


3. Through I (by Problem 3. in page 113.) draw an Oblique 
Circle 1BC, that the Angle ACB may be 71d. 56m, which 
will cut the Oblique Circle AB, in B, the ReCtangle, and the 
Primitive Circle in C, and ſo conclude the Rectangle Spherie 
Triangle ABC, required to be made. 

| To meaſure the Things required. | 
The Hypotenuſe AC\ and Legs AB and BC, are meaſured 


Thus, all the Caſes of Rectangle Spheric T riangies may be 


ner, the Cates of Oblique Spheric Triangles = be Geometti 
cally ſolved by the Six following. 


Problem 16. Two Siges, end an Argle oppoſite given ; 
to make an Oblique Spheric Triangle. 
Nate; To make an Oblique Spheric Triangle, three Things 
muſt be given. | 
Note alſo, The Angle oppoſite to the other given Side ought 


ſeveral Triangles may be made from the given Things. 
Example. Plate 4. Fig. 7. 
4 Side {C 34d. 07M. 2 
The 5 Side 4D 65d. 20m. 1 8 given; ; 
| Angle ADC 27d. zom - 
With them to make a | Spheric — (0 chat the Angle 4 
may be OY is . 7 
1. 4 


I 


' 


ht 
50 


La, 


On 


an. Spheric Trigonometry Geometric. "a bl 


;, On the Primitive Circle, make AD (the given Side join" 


ing to the given Angle) equal to 65d. 20m. by Problem 6. Caſs 
7, of Spheric Geometry, in page 116. 


2. By Problem 2. Caſe 3; in page 112. make the Angle 
ADC cqual to 27d. om, by drawing the Oblique Circle DC, 


with the gecant thereof. 


Draw (by Problem 9. Caſe 3. in page 121. a Parallel 


Circle at 34d. 07M. diſtance from A, to cut the Oblique Circle 


DC, in C. 
4. Through A and C, dra a great Circle, and tis done. 
To nieaſure the Things required. 
Angle CAD, and ACD } 


bt. AM 


Thed + vide CD as "Pa. = meaſured by Problec 417 | 


in pages 118 and 119; 


Problem 17. Two Angles; aud one N oppiſite given; z to mak 


an Oblique $pheric Triangle. 
Example. Plate 4. Fig. 8: 


| Angle CAD 30d. 48m _ 
5 we) Angle ADC 279d. 9 8 given ; 
Side CDmnzd. 28m. 


With them to make an Oblique Spheric Trian angry ſo that the 


Side AC may be leſs than a Quadrant, or 90d. is required? 


1. By Prob. 2. Caſe 2. in page 112. make the Angle ADC . 


equa} to 27d. 30m. (always the Angle joining to the given Side) 
by draw! ing the Oblique Circle DC, with the Secant N 
2. Draw (5 Prob. 9. Caſe 2. in page 121.) a Parallel Circle 


at 18d. m. Ciftance from D, to cut Uhe Oblique Circle DC, 
in C. 


3. Then through hy (by Prob. 8 in d page 2 ) draw 4 great 
Urcle to make an Angle at the Pr 


imitive Circle, that may be 
equal to 30d, 48m. as is the Oblique Circle CA, and tis done. 
0 To meaſure. the Things required Hogs 
ide AC, and AD 
The 4 Angle ACD T meaſured by Problem 4 


in 4 78S 118 and i 


ez In theſe two 1 Problem, the three given Things 


withour che Quality of a Fourth, are not ſufficient to make a 


Trünale: And the Quality of the Fourth is not always diſcover- 
able: by / ihe Sen Things therefore mY are called Doubuf! vl 


Fr „% EL ag 4 . r nne 
Pio zem 18. Two Sides, and one Angle between them given; tis 
male an Oblique Spheric Triangle. "4-4 
I Ole Ir WW oval | Example: 
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The Side AC, and AD 
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gp Example Plate 4. Fig. ee 1 
Side—— AC 34d. om. 7 
The 535.40 65d. 20m. dee, 
on Angle CA D 3od. 46m. 


With them to make an Oblique Spheric Triangle is Tequired? 


I. By Problem 2. Caſe 2. in page 112. make the Angle 
CAN equal to 30d. 46m. by drawing the Oblique Circ le 40 


with the decant thereof. 


2. Make AC (on the Primitive Circle) equal to 240, obm, 
and AD ( (on the Oblique Circle) equal to 65d. 20m. by Problem 
6. Caſe 1 and z. in pages 116 and 117. 

3: Through Cand D, draw a great Circle, ih it's done 

To meafure the Things required, 
(Side CD 
The s > Angles ACD, and 4DC i meaſured by Problem 4 8 
in Pages 118 and 119. 
Problem 19. Tivo Ang les, and one Side between OR given; 
to make an Obligue Spheric Triangle. 
Example. Plate 4. Fig. 10. 
T Angle ACD 13 id. 3am. | 
The Jae ADC £45 zom. Cons 3 
Side — CD 38d. 28m. 


With them to make an Oblique Spheric Triangle is required? 


1. On the Primitive Circle, make CD equal to 38d. 26m, - 


the given Side, by Problem 6. Caſe 1. in page 116. 


2. At D (by Prob. 2. Caſe 2. in pages 112 and ads 
the Angle ABC equal to 27d. 30m. by drawing the Oblique 


Circle DA; and at C, make the Angle ACD equal-to 1310 


34m, by drawing the Oblique Circle AC, and *tis done. 
To meaſure the Things required. 


Angle G 45 Tis is meaſured by Prob, 98.5 2 ; in 


pages 118 and 11 


PFroblem 20. Three Sides given; ; to make an 2 Sper 


Triangle, Example. Plate 4. Fig. w—_ | 
(A 65d. 20m. 
The Side 30 384. 26m, Cera; | 
AC 34d. 08m. 


Wich them to make an Oblique Spheric Triangle is required? 


1. On the Primitive Circle make A D equal to 65d. 20m. 


(the greater given Side) by Prob. 6. Caſe 1. in page 116. 


2. Draw (by Prob. 9. Caſe 2. in page 121.) a Parallel Circle, 


ut 34d. o8m. diſtance from 4; and likewiſe another at 380. 26Ms 


iſtance from D, to cut each other in CO. #3 


Sect. II. go kerie 7 rigonometry ab 131 


3 Through A and C, and alſo D and C, draw great Gucken, | | | 
which will form the Spheric Triangle required. | 18 
To meaſure the T hings required. 1 
. Find (by Problem 1, in pages 111 and 112.) the Poles of + 
the rec Sides of the Triangle ACD ; that is, E the Pole of 
5 AD, 7 the Pole of AC, and G the Pole of CD. 


E en eingrety AORTA, OS - 
; - 
o — — 33 * 2 SN 


ö + T hrough F-and G, draw a great Circle of which the an- 
gular Point C is its Pole, and you will form the Triangle EFG. 
3. 7h: Sides of the Triangle E FG, are equal to the Angles 


? of the Triangle 40D; and the Angles of the firſt, are equal to 1 
the Sides of the latter, only the greater Angle in the one, is 13 
equal to the Supplement (of the greater Side in the other) to a | 14 


Semicir cle. | 15 

0 That is; the Side EF is equal to the Angle CAD, the Side 1 
WH £6 is equal to the Angle ADC, and the Side FG is equal to i 
be Supplement to 180d. of the Angle ACD. 1 

' 4. The Sides EF, EG, and FG, are meaſured by Problem 318 


7, in pages 117 and 118. 
Problem 21. Three Angles given; to make an Oblique Spheric Th 1 
ang le. . JW on 'Þ 
| \CAD 11316. 34m.) __ 4 
The Angle < AGD 2 45m. bs given; 5 | 1% 


ADG 27d. zom. FS | q, 

* ith them to make an Oblique pheric Triangle, is required ? Ee gh! 
1. 2uppoſe a Triangle EF, whoſe Sides are equal to the i 

| Angic: of the Triangle ADC; that i is, the Side EF equal to 48d. i' 
am. the Supplement to 180d. of the Angle CAD equal to [1 
133d. zam. and the Side EG equal to the Angle 40D 30d. 2M 


| 45m. ang the Side FG equal to the Angle 4DZ 27d. 3om. 

2. Then, make the Triangle Z FG of the Sides EF, EG 
P'7, M before in the laſt Problem. 

Find (by Problem 1.) the Poles of the three Sides of the 
riangic EFG; that is, 4 the Pole of EF, C the Pole of 

ECG, an ni D the Pole of FG. 

4. bough C and D, draw a great Circle, of which the 
angular be int G is its Pole, which will form-the Triangle 4 
required to be made. 

Io meaſure the Things required. 
| Th Sides AC, AD, and CD, are meaſured by Problem 7. 

n pages 117 and 118. 

u much J thought neceſſary as preparative to 8pheric 
rige Beef by Calculation 5 that the Learner might know 
12 hoy 
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oppoſite Angle will be 
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how to make, and meaſure a Spheric Triangle, or any of in 
Parts; a Thing not taught by many, nor well underſtood by 


Wore, who pretend to be Teachers. 


Seftion III. Of the Afertions, or Natural Properties of | 
Spheric Triangles. 


* Hef AﬀeRtions are carefully to be minded, in order to the | 

Underſtanding what may be, and what may not be given, 
or required in a Spheric Triangle ; and having already giver you 
the ſeveral Definitions of a Sphere, and the Circles of it, with 


the Kinds of Triangles, which I will not here repeat, I paß 


on to the Afections of $pheric Triangles, as follow. 
1. Every Side of a Spheric Triangle is an Arch of a Gret 


Circle, and is leſs than a Semi- circle. : 
2. Every Great Circle divides the Sphere or Globe into two Will 
equal Parts or Hemiſpheres. | 


3. Any two Great Circles cutting each other, the Angls 


which are oppoſite and contrary, are equal one to another, 


4. The Sum of any t Sides (of a nee, is greater than 
the third Side, 3 


5. The Sum of the ths! {> I is less than {3 360d ook. but 
more than 1800. 


6. Any two Sides added 0 their Sum is leſs than the 


Difference between the third Side and 180d. But, 


Any two Angles added together, their sum is more that 


the Differente between the third Angle and 180d. 


7. In a Rectangular Triangle, the Legsand their oppoſite 


Abies ere of the fame Affection; that is, if a Leg be more, 


or leſs than a Quadrant, its oppoſite Angle 1 is likewiſe more, 0 
leſs than a Right Angle. 

Na Rectangular Triangle, if one Leg be a \ Quaczant, the 
Hypotenuſe ſhall be a Quadrant; but if both Legs be of the 


fame Affection, the Hypotenuſe is leſs than a Quadrant ; ; if ol 
different, tis more, and the contrary; that is, if each of the 
Legs de "leſs, or more than qed. the Hypotenuſe is lefs thi 
25 od, But if one Leg be more than god. and the other leſs, the 


ypotenuſe is more than god, 


2 5 Ftban god, one Leg, and ite 


leſs an god. the other may, or not. 
mere, and the other leſs than por x : 


9. If the Hypotenuſe be 


o 4 - N * 42%" l = K _ a 
r — eee r 9 WW Eero e OY WAN ARA , 
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| 19. It both Angles at the Hypotenuſe are Acute, or Obtuſe, 
the Hypotenuſe is leſs than a Quadrant; but if one be Acue, 
1nd the other Obtuſe, the Hypotenuſe is more than a Quadrant. 

In every Triangle, greateſt Sides are oppoſite to greateſt 


Anzles, and equal Sides to equal Angles. | 
12. ln every Oblique Triangle, tw 0 3 ? A0 b ee 


thei oppoſite Sides are equal, & each — than a Quadrant 


8 13. if wo Obtate Þ Angles are unequal, the Side oppoſite 
th - - Cc. ef N 
aſh to the ) greater ; Angle, ſhall be I than a Quadrant. 


14. All the Angles Acute, each Side is leſs than a Quadrant. 

''heſe Things being premiſed, the Solution followęth; and 
firſt of Rectangle Sphertc Triangles, in which are 16 Caſes ; 
and then Oblique-angled Spheric Triangles, in which are 12 Caſes, 


Section IV. The Solution of #he 16 Caſes of ReCtangular Spheric 
Triangles, by the Lord Napier's Catholic Prepoſition. 


21 N a Rectangular Triangle, there are (beſides the Right- 
angle) five Things, which the Lord Napier calleth the 
Fire circular Parts of a Spheric Triangle, amongſt which, the 
Right-angle being not reckon'd, the two Legs are ſuppoſed to 
join. together F 
2. Any one of theſe five circular Parts, may, (by Suppoſition,) 
be made a middle Part, and then the two circular Parts, which 
are next to that middle Part, are the Extreams Conjunct. And 


a the other {two circular Parts) remote from that (aſſumed middle 
e, Par) are the Extreams Disjunct. Pa 5 
1 3. lnevery Caſe, two of the aforeſaid five circular Parts, are 


ways) given, to find a third; of theſe three Things (two 


g end one required) one is middle Part, and the other 
„oa Extreams, either Conjunct or Disjunct. . 
* Ihe Parts of a Rectangular Triangle being thus diſtinguiſhed, 
n | Odꝛern £ the Univer ſal P ropoſition following, invented by the 
„ *orc111 Lord, the Inventor of Logarithms, 


2 The Catholic Prapaſition. | 
dae of a middle Part and Radius, are reciprocally pro- 
en with the Tangents of the Extreams Conjuntt ; and 

© > Sines Complement of the Extreams Disjunct. That is, 


«vr Fo oo : 


—_ 
18 r 2 
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r. For Extreams Conjunct, thus 7 55 


8 „ 1 the Radius, is to the Tangent of one Extream; fo is tte el 
| Tangent of the other, to the Sine of the muddle Part. And, ll ” 
N 2. For Extreams Disjunct, thus | FF 


As the Radius, is to the Sine Complement of one Extrezm; 


* | fo is the Sine Complement of the Oy to the Sine of the mi. : 
b | dle Part, Therefore, © 
it | Note; When the widdle Part i is to be found, the Radius b 8 
. to the iſt, Term in the Propoſition, as above: But if either : 
hi of the Extreams be required, the other Extream muſt be the 


fit Term. That is, 


For the Extreams Conjunct, thus 3. 
As the Tangent of the given Extream, is to the Radius; fo 
is the Sine of the middle "oy to the Tangent of the required 
Exueam. And, 


a 


4. For Extreams Digjun ; ; thus ; 3 
As the Sine Complettent of the given Extream, is to the Ra: 
(a; ſo is the Sine of the middle Part, to the Sine Complement 
of the required Extream. But, | 
Vote 1. That if the middle Part, or either of the Extreams 
Conjunct be the Hypotenuſe, or either of the Oblique Angles; 
inſtead of Sine and of Tangent, you mult uſe the dine Comple- 
n, and Tangent Cape e 


T 1 A BL * A all the 8 7 E 
Ls Conjunct, and Disjunct. 


| | Number, | Middle Part. Fa xt, Conjuntt 3 Dr 
225 Sine AB 15 2 
2 {Since BAC e ane "ach 
3 |S GAC [a © Ae mb 
Ys 5 eee 
— Se 

3 * 
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l either of the Extreams Disjunct be the Hypotenuſe, or . 
hs of the Oblique Angles, inſtead of Sine Complement, you 


muſt uſe the Sine. 
And for the eaſier underſtanding. theſe Directions, obſerve 


the foregoing Table, wherein are placed the five circular Parts 1 


414 
$4 
' 

i 

4 


n; ot x Rectinele Spheric Triangle, under their reſpective Titles, | | 

. WW whcthcr they be taken for the middle Part, or for Extreams, . 

either Conjunck or Disjunct: And unto theſe Parts are prefix d. 

Sine, Sine Complement; Tangent, and Tangent Comple- C i 

* ment; as chey ought to "on and are uſed in the Caſes follow 9 

it ing. N 88 | 

{fl 

Problem I, | Caſe 1, 2 and 3. The poten, and one Leg given 3 1 [| 

0 ' 

0 Angle adjacent . 4 

To in) Jöbr⸗ 5 Angle Oy 18 * Leg. | | 

Other Leg | 1 Th: LE eg 1 

. Example. Plate 4. Fig: . 5 6 

1 In the Rectangle Spheric Triangle ABC, there 1s given, Tl 
; Hypot. AC 544. 25m: CACB, BAC "TP | 8 

f be Leg BC 23d. zom. Sand AB — þ required? 7 


8 „ 


- This Trizngle is made by Problem 10. of Spheric T . 
try Geometric, in pages 123 and 124. | 
„For the contained Angle ACB, or Angle adjacent to the 
giver Leg, the Proportion is; 
As the Radius, is to the Tangent of the given Leg; . 1 is 
. the Tan nzent Complement of the Hypotenuſe, to the Sine Com- 
plen i of the adjacent Angle required. Or thus, 
Radius . T. Leg n: Tc. . eee m_ S. c. Angle ACB, 
T. N T. 23d.30m : : T. 35d. 35m. .. S. 18d. om. 
which ſubtract from god. reſts 719. 5am. for the Angle 0B. 
The refore the Extent (on the Gunter's Scale) from Tangent 
_ of 457, to Tangent of 23d. zom. reacheth from Tangent 3 5d. — 
35. to the Tangent 17d. 15m. againſt which, on the Line 0 
of vines, is 13d, obm. the 4th Term in the Proportion above. 1 


Nets, The Hyp. and given Leg 12 e were 3 les 
Ach le. 


AA 


um 
r 
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| than a O or god. the required Angle i is 3 Odrule. 


"or the Angle BAC oppoſite to che given Legs the Pro- 
vort % + 16H 45 bus; 5 


3 
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As the Sine of the Hypotenuſe, is to Radius; ſo is the Sine of 
the given Leg, to the Sine of its oppoſite Angle. Or thus, 

8. Hypot. AC .. Radius:: S. Leg BC . 8. Angle BAC. 

S. 544. 25m. . S. god. : :S. 23d.3om. .. Sine 29d. zom. 

Therefore the Extent (on the Gunter) from Sine 52 2.5m, 
to Sine of god. reacheth from Sine of 23d. 3om. to Sine of 200. 
zom. the fourth Term in the Proportion aboveſaid, = 


| Notte; ; The given Leg 3 Ae chan a Quadrant, or god, 


the required Angle 1 Is 5 mow 


| Obtuſe 
. For the 10 AB, the Proportion i is thus; 
As the Sine Complement of the given Leg, is to Radius ; 80 
the Sine Complement of the Hypotenuſe, to the Sine Com- 


plpement of the required Leg. Or thus, 


S8. c. Leg BC Kadius: 8. c. Hyp. AC. 8. c. Leg AB. 
8. 66d. 30m. . S. 90d. : : 8. 35d. 35m. ., S. 30d. 35m. 

which ſubtract from god. 'refteih 50d. 25m. for the Leg AB 

required. 1 | 
T herefore the Extent (on the Gunter 8 K calt) from Sime of 


| 66d. 30m, to Sine of — will reach from Sine of 35d. 35m. 


to S. of 39d. 3 m. the fourth Tem! in the Proportion aforeſaid, 
Note; ; The Hypot. and giyen Leg of fy a differen 85 Kind, 


the required Leg 2 leſs FN than A Quadraot 


mor — 


Problem 2. Caſe 4345 and 6. 
The Hypotenuſe, and one Ang le given; 


Leg oppoſite 
To = z fb Leg x. 6 I to the given Angle * 2 
other Angle. 1 


Example. Plate 4. Fig. ö 
In the ae Spheric Triangle ABC, there is given, 
The & Hypot. AC 544. 2 ng 1 BC, AB, and 
Angle BAC 20d. Angle ACB required 3 
This riangle is made by 8 11. of Spberic mem, 
try Geimetric, in pages 124 and 125. 
1. For the Leg BC, oppokite to the given Angle, the Pro- 


portion is thus: 


As Radius, is to the Sine of the Hypotenule ſo is the Sine of : 


the given Angle, to the Sine of it's s oppoſite Leg required. Or 
thus. WO) 4 Radius 


1 i "1 
: e NN 
- $* a © RE ll 2 7 
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P..4ins -» S. Hypot, AC: : S. Angle BAC . S. Leg BC. 


S 90d. ++ 8. 54d. 25m. : : 8. 1 go „S. ad. em 5 | 

Note; The given Angle J yu, Fihe re e 

| L0G more d than a Quadrant. 908 b 

2. For the Leg AB, adjacent to the given Angle, the Pro- { 

vortion is this; VV N | 1 
As the Tangent Complement of the Hypotenuſe, is to Ra- 64 


o 


Tangent of its adjacent Leg, Or, ep 
As Radius, is to the Sine Complement of the given Angle; 
o the Tangent of the Hypotenuſe, to the Tangent of the 


eius; fo is the Sine Complement of the given Angle, to the 


Leg required. That i, 1 e 
Radius . S. c. BAC : : T. Hypot. AC . T. Leg AB. 

S. god. . 8. bod. 3om:: T. 54d. 25m. T. 50d. 3om. 
Nite; When each given Thing is leſs,” or more than god. 

the required Leg is leſs than a Quadrant; but if one is leſs, and 

he other more, the required Leg is more than a Quadrant. 
3. For the Angle ACB, the Proportion is this 

As the Tangent Complement of the given Angle, is to Radius; 

b is the Sine Complement of the Hypotenuſe, to the Tangent 

| Complement of the other Angle. Or thus, 1 

As Radius, is to the Sine Complement of the Hypotenuſe; 

| 915 the Tangent of the given Angle, to the Tangent Comple- 

nent of the Angle required. That is 

Padiuz «-S. c. Hypot. AC: : T. Angle BAC ++ T. c. Angle ACB. 

L god. . S. 35d. 35m. :: T. 29d. 3om. . . T. 18d. rom. 

uch fuptract from god, reſts 7 1d. 50m. for the Angle ACB. 

| N72; When each given Thing is leſs, or more than god. 

ie :201ired Angle is Acute; but when one is more, and the 

other leſs, tis Qbtuſe, $ | 


| Problem 3. Caſes 7, 8, 9. A Leg and its adjacent Angle given; 
tl. (gp w- gte to the 4 Angle 
10 "nt $2: h The I angle eu] Leg 


” 


Hy potenuſe. RICE 

8 Example. Plate 4. fig. 3. | 

I te Rectangle Triangle ABC, Right-angled at B, there is 

Ag $od. 3om. N Leg BC, Angle ACB. 

angle BAC 29d. 3om. 4 and Hypot. AC i . 
l res en is 


a | ne? . 
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This Triangle is made by Problem 12. of . Trigonome. | 
try Geometric, in pages 125 and 126. = 
t. For the Leg BC oppolite to the given Angle, the Pro- = 
portion is, = 
As the Tangent Complement of the given Angle is to the 
Radius; fo is the Sine of it's adjacent Leg, to the Tangent of J 
its oppoſite Leg required. Or thus; 

As the Radius, is to the Sine of the given Leg; J ſo is the 

Tangent of its adjacent Angle, to the Tangant of its Oppolit Zn 
Leg. That is, | 
Radius +- S. Leg 4 B: T. Angle 840 T. Leg BC. 

S. god. . S. od. zem. : : T. 20d. 3om. T. 23d. zem. 
Note; The given points Acute, the required Leg is leſs then 

2 Quadrant, but when Obtuſe, then more than a Quadran:. . i 
2. For the Angle ACB, oppoſite to the given Leg, ths Pro Oi 
portion is; 

As Radius, is to the sine Complement of the given "FS ; { 

S the Sine of its adjacent Angle, to the Sine Complemen of 1 
its oppofite Angle requited. That is, 
Radius «+ S. c. Leg AB: : 8. Angle BAC -- 8. c. Angle ACE. 

S. god. .. S. 39d.3om. : : S. 29d. goms#-. S. 18d. 12m. 

1 wWhoſe Complement 71d. 48m. is the Angle AR 

. Note; The given Leg leſs, or more than cr the Angle le 

| quired is Acute, or Obtuſe accordingly. 

ö 3. For the Hypotenuſe, the Proportion is 

it As the Tangent of the given Ties, is to the Radius; » ſa is the 

; Sine Complement of its adjacent Angle, to the Tangeni cor 1 


maent of the required Hypotenuſe. Or thus F 
| As the. Radius, is to the Sine Complement of the given Ar jp 
21, gle; ſo is the Tangent Complement of its adjacent Leg, 8 


the Tangent Complement of the Hypotenuſe. That is, 
if Radius ++ S. c. tgp fg T. c. Leg AB. T. c. Hyp. i Bp 
S. god. .. S. bod. : T. 39d. 30m... T. 35d. 16m Wil - 
N whole eee 10 is the Hypotenuſe AC. =: 
__- Notes When nt 6g am is leſs, or more than god. the Hy : 
potenuſe i is leſs than a Quadrant; but if one is leſs, and tte 
other more, then the bd amo is more chan a Quadrant, 


Prob. 4. Caſe 10, 17, 12. A Leg and its eppofit oh gun 
FP as 3˙ "Hypotenule, : 


SO 
A, p 
ye 
* 4 

4 * 
Finds 

. 

. 


Example. Plate 4. Pig. 

in the Rectangle Spheric Triangle ABC, there is, 

Leg BC 23d. 30m. (Leg AB, Angle ACB, and 
giveny Angle BAC 4% [ing e Hz ypotenuſe AC required? 
This Triangle 1s made by Problem 1 3. of Spherit ane, 
” Geometric, in page 126. 

. For the Leg AB, adjacent to the given Angle, the Pro- 
an is this; 1 

As Radius, is to the Tangent of the given Leg; ſo is the 
Tangent Complement of its oppoſite Angle, to the Sine of the 
| other Leg required. That is, | 
Radius T. Leg BC. : T. c. Ang le BAC .. 8. Leg AB. 

T. 45d. . T. 23d. 3om. : :.T. 60d. 3om. . S. 50d. 25m. 


quired Leg accordingly is leſs, or more than a Quadrant. 

Or, the  Hypotenuſe and given Leg, each leſs, or more than 
W 904. the required Leg is lets than a Quadrant; but if one is 
nore, nd the other leſs, tis more than a Quadrant, 
| 2. For the Angle ACB, 1 98 to the given Leg, the 
Proportion | is this; 

As the Sine Complement of the given Leg, is to the Radius ; 5 
fo is the Sine Complement of its oppolite Angle, to the Sine of 
its adjacent Angle. That is, 

8.c. Leg BC .. Radius: : S. c. Angle BAC. 8. Angle ACB. 
§. 66d, 30m. .. S. 90d.: : S. God. Jom. . S. 71d. 48m. 
Ni; If the Hypotenuſe A0 given Angle be each leſs, or 
more than god, the Angle required is Acute; but when one 

| 6 more, and the other leſs, tis Obtuſe. 

Or, the Leg adjacent to the given Angle being leſs, or more 
than god. accordingly che Angle required is Acute or Obtuſe. 

3 Fer the Hypotenuſe AC, the Proportion is this; 

As the Sine of the given Angle, is to the Radius ; ſo is the 


die of its oppolite Leg , to the Sine of the Hypotenuſe re- 


guired. That is, 

S. An BAC Rah: 8. Leg BC. S. Hypotenuſe AC. 
S. „0d. zom. . S. god.: 8. 23d. 30m. .. S. 54d. 20m. 
Note ; : 15 both Legs, or both Angles are of one Kind, the 


Hypoteruſe is leſs than a Quadrant, but if they be of ditterent 
Kinds, the Hypotenuſe is more than a Queer. 


Problem 7 . Caſes 13 and 14. | Both the Legs given ; to find 
Either of "the Angles ? 2. The Hypotennuſe ? 
RR 
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Note, It the unknown Angle be Acute, or Obtuſe, the re- 
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Example. Plate 4. Fig. 5. 
In the 17 Spheric Triangle APC, there is 
AB god. zom. Angle BAC, or ACB, = 
given, Leg 2803 23d. e 0 Hypotenuſe A0 required. * 
This Triangle is 57 by Prob. 14. of Spheric Trigonomety | 
Geometrie, in page 11 
1. For either of the Angles, the Proportion FL 
As the Tangent of one Fic is to Radius; ſo is the Sine of 
the other Leg, to the Tangent Complement of the Angle oppo- 
fite to the firſt Leg. Or thus, | 
As Radius, is to the Sine of one Leg; ſo is the T angent 
Complement ef the other Leg, to the Tangent Complement of 
the Angle oppoſite to the laſt Leg. That is, 
Radius S. Leg AB :: T. c. Leg BC T. e. Angle BAC, 


* $.90d-+T. 108 . zom. : : T. bod. 3om. .. T. God. 35m, whoſe | | 


Complement 20d. 25m. is the Angle BAC: Alſo it is, | 2 

Radius . S. Leg BC :: T. c Leg AB.. T. c. Angle AcB. 

S. god .. S. 23d.3om. : : T. 30d. 30m. . T. 18d. 15m. v hof 
. 71d. 45m. is the Angle ACB. 

Vote; It the Leg oppoſite to the required Angle be leſs than 

a Quadiant, the Angle ſought is Acute; but if greater, 
then 'tis Obtuſe. 

2. For the Hypotenuſe, the Pr nee is thus; 

As Radius, is to the Sine Complement of one Leg; ſo is the 


Sine Complement of the other Leg, to the Sine Complement cf 


the Hypotenuſe. That is, 
Radius . S. c. Leg AB: : S. c. Leg BC. S. c. Hypot. Ac. 
S. god. +- S. 39d. 30om.:: S. 66d. 3om . S. 38d. 40m. whoſe 
Coopleanent 54d. 20m. is the Hypotenuſe AC 
Note; If both Legs be of one Kind, the Hypotenute is les 


5 We a Quadrant; but when of different Kinds (that is one L 


more, the other leis than a Quadrant) then the Hypotenuſe 1s 
more than a Quadrant, 


Problem 6. Caſe 15 and 16. Both the Oblique Angles gives | 
- Ts find, 1. Either of the Ligs? 2. The Eben 
Example. Plate 4. Fig. 6. 

Ia the Rect: angle Triangle ABC, Ripht-angled at B, a] apt 

BAC 20d. 2om.} Leg AB, or BC, an 
Angle JAG nf Fog Ae AC required ? 
This Triangle is made by Problem 1 5, Of Spheric Trigont 

mtr Gromitric, in page 129. 
For either of the Legs, the Proportion is thus; 


1 
4 | : 
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As the Sipe of one Angle, is to Radius ; fo is the Sine Com- 
plement of the other Angle, to the Sine amen of its 
_ Leg. That is, 
v Angle BAC. . Radius:: S. c. Angle ACB--S. c. Leg AB. 
8. 39%, 3om. S. god. : : S. 18d. 04m. .. S. 40d. 45m. 
whoſe Co mplement 49d. 1 Fm. is the Leg AB: Alfo it is, 
g. Angle ACB + Radius: : S. c. Angle Ae & e. Leg BC. 
8. 71d. Hm. . 8. god.:: 8. bod. 30m. .. S. 66d. zom. 
| whoſe Complement 23d. zom. is the Leg BC. 
Mete; If the Angle oppoſite to the required Leg be Acute, 
de Leg {ought is leſs than a Quadrant; z but if Obtuſe, then tis 
giteater than a Quadrant. 
2. For the Hypotenuſe, the Proportion is thus; 
As Radius, is to the Tangent Complement of one Angle; ſo 
iz the Tangent Complement of the other Angle, to the Sine 
Complement of the Hypotenuſe. That is, 
Radius . T. c. Angle BAC: : T. c. Angle ACB. 8. c. Hyp. AC. 
T. 45d. . T. bod. 30m. : : T. 18d. 04m. . S. 35d. 35m. 
whole Complement 54d. 25m. is the Hypotenuſe AC. 1 8 
Note; The Angles of one Kind, the Hypotenuſe is leſs than 
a Ouadrant; but when of different named "tis more than a 
Quadrant. 


4 Section V. Four ent by which the 12 Caſes ef Oblique- 
23 angled Spheric Triangles are ſolved. 


Axon: . IN all Spheric Triangles, the Sines of their Sides 

are in direct Proporuon to the Sines of their oppo- 

lite Angles, That is, | 

. As the Sine of a Side, is to the Sine of i its oppoſite Angle; 

'o 1s the Sine of another Side, to the Sine of its oppoſite Angle. 
2. As the Sine of an Angle, is to the Sine of its oppolite Side: 

0 0 15 the Sine of another Angle, to the Sine of its oppoſite Side. 

Acim2. Firſt, As the Sine of half the Sum of two Sides, 

ME”. an Angle) is to the Sine of half their Difference; 

is the Tangent Complement af half the contained Angle, 

to tt, 1ngent of half the Difference of the other two Angles. 

Again, 

-rndly, As the Sine Complement of half the Sum of two 
Kt | -omaining an Angle) is to the Sine Complement. of half 
* Difference; | | 

© i the Tangent Complement of half the contained Angle, 

to Fre - Tatgent of half the Sum of the other two Angles. 
atem 3. Firſt, As the Sine of half the Sum of two SP, 

bs deo the Sin of half their Difference; 80 
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FREE So is the Tangent of half their interjacent Side, to the Tangey 
1 of half the Difference of the other two Sides. Again, | 
|. Secondly, As the Sine Complement of half the Sum of tw, n 
l Angles, is 10 the Sine Complement of half their Difference; 
$ is the Tangent of half their interjacent Side, to the Tay 
gent of half the Sum of the other two Sides. 
b | Axiom 4. As the Rectangle of the Sines of the two contie x 
by: ing Sides, is to the Square of Radius; 
Wi i: | $0 is the Rectangle of. the Sines of half the Sum of the three 
ö Sides, and of the Difference of the Side oppoſite thereunto, to 
the Square of the Sine Complement of half the contained Angle 
ſought, 
'The Explitation and Uſe of theſe four Axioms, you wil 
find in the Solution of the folowing Cales of Oblique Spberic * 
- Triangles. -« 


* 
2 


1 
LY — 


Py FA tes C2 I) C&D . ke 


8 Problem 7. Caſe 1, 2, and 3. 
Tivo Sides, and an oppoſite Angle given; to fd 
1. The Angle oppoſite to the other Side, 5 
2. The Angle contained between them, if the required | 
3. The third Side 5 
oppoſite Angle be foreknown to be Acute,” or Obtuſe. 
BH. - Example. Plate 4. Hg. 7. 4 
. In the Oblique Spheric Triangle 40 D, there is gi- 
Side AC 34d. 07m. 5 Angle AC D being Obtuſe?7 
9 8 req. 


Side AD 65d. 201. Angle C49 
35 Angle ADC 27d. zom. ISide CD 
| : This 15 riangle is made by Prob. 16, of $þheri 7. rigonomat) 
l  FErometricy, in pages 128 and 129. 

| 1. For the oppoſite Angle ACD, the Proportion (by Axiom |} 
1.) is thus ; 

As the Sine of the Side AC, is to the Sine of the Angle AD; 1 

fo is the Sine of the Side AD, to the Sine of the Angle ACD; © 


2 ——— f 


That is ; 
S. Side 4 C++ S. Angle ADC: 8. Side AD . S, Angle ACD 
S. 34d. om. .. S. 27d. 3om. : :$.65d.20m, . . S. 48d. 25m. 


Which iubtract from 1 80d. ork 131d. 35m. for the Ang 

ACD, it being required to be Obtuſe. 
| 2. For the contained Angie CAD (having before found tha 
oppelite Angle) the Proportion (by Axiom 2. Part 1.) inverted, 

is thus ; 

As the Sine of half the Difference of the Sides AD, and AG 
is to the Sine of half their Sum; ſo is the Tangent of halt the 
Difference of the Angles 4CD and ADC, to the SThngent Com- 
plement of half the Angle 040. And, 1 3. Ton 


ent 


| Angle CAD 30d, 48m. Side AC leſs than 90d 


338 EE 
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2. For the third Side CD, (having found the oppoſite Angle) 


the Proportion, (by Axiom 3. Part 1.) inverted, is thus; 


A: the Sine of half the Difference of the Angles ACD, and 


| ADC, is to the Sine of half their Sum : 


do iz the Tangent of half the Difference of the Sides AD and 
AC, vo the T angent of half the Side D. That! 8, e 


Side HDs. „ ng. 40 rz. „%% Tn 
Side AC 40 34-07 m. Ang. ADC 27. 30 Ade 
Zum 15 99 = 92904 125 4.31Sum is 159.05 2 Ne 79.34 

Die 31.73 Diff. 15. 36[Differ. is 104.05 5 9 Diff. 52. oa 

20 Sides . S. their ” mag T. 3 Diff. Ang. ++ T. c. C AD. 

A 5d. 36m. . . 8. 49d. 43M. : J. 520 ozm. „ T. 74d. 40M, 

Whic h ſubtract from x —— dad. oom. 
Remainder is half the Angle C4D — Igd. 20m. 
Which being doubled ————- —— 1d. 20m. 
Prodiceth the required Angle CAD— cd. 4m. 
8. & Diff. Ang, «- S. F their Sum: : T. 3 Diff. Sides. T. 3 0 D. 
8. 52d. 02M, . 8. 79d. 32m. :: T. 255 36m... T. 19d. 12m. 
Which being doubled — 10d. rzm. 
Proc juceth the required Side 0b — —u— - 386. 24m. 


Problem 8. Caſe. 4, 5, and 6. 
Two Angles, and one Side oppoſite goes | 3 16 fad. 
i. The Side oppoſite to the other Angle, 


2. The interjacent, or Side between them © if the required 

The third Angle — 

oppoſite Side be foreknown to be more, or leſs than a Quadrant, 
Example. Plate 4. Fig. 8. 

In the Oblique Spheric Triangle ACD, there is given,:. 

ngle ADC 27d. 30m, < Side AD- aur ? 
Side CD 38d. 28m. (Angle 40D e e 

This Triangle is made by Problem 17. of Spherica! Tu 


metry Geometric, in page 129. 
4. For the oppoſite Side AC, the Proportion by Ax. 1. is thus; 


| As the Sine of the Angle CAD, is to the Sine of the Side 
| CD; 10 is the Sie of the Angle AD, to the Sine of the Side 


AC. That is, 


Auge, S. Side C D:: S. Angle ADC 8. Side AC reg · 


d. 40%. 48m. .. 8. 38d. 28m. : S. 27d. 30m. 8. 34d. om. 


2. For the interjacent Side AD, (having firſt found the oppo» - 


Re Side) the Proportion, (by Axiom 3. Pert I.) inyerted, is thus; 
As 


N 
* 


ens * » b 
a . * N a 7 * * {> : * 8 
e N * Ow” 22 
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As the Sine of half the Difference of the Angles CAD al = 
ADC, is to the Sine of half their dum; E: 
So is the Tangent of half the Difference of the Sides CD 11 
AC, to the Tangent of half the Side AD. And, | 'Z 
3. For the third Angle ACD, (having firſt Wund the oppoſl : 
Side) the Proportion, (by Axitm 2. Port 1. inverted) is thus. . 
As the Sine of half #þ Difference of the Sides C and AC, 
zs to the Sine of half their Sum; 
So is the Tangent of half the Difference of the Abgle: Can 
and ADC, to the TOs. Fanny. of half the Ang 
ACD. 0 That i 185 


d. m. | : 4 9995 d. m. 15 | 
e, Und an 
Ang.) ADC31.20. 30 ie AC34.06 


Sum is 58.1 901 ene Sumis 22. DET NOT 1 
Difference 03.18/ * Diff. o1. 39 DES :15 04.22 Diff. oz 1. 
S. balf Diff. ade mY half their Sum: : T. half Diff. Sides -- T.:AD 
S8. 01d. gd. 09m. : : T.ozd. 11m... T. 32d. zen 
5 Which, be I . — — 32d, Zim. 
3 the interjacent 8ide a- © 56 16m, 
S. 2 Diff. Sides . S. ; their Sum: : T. 2 Diff. Angles · T. c. AC, 
S. 024. 11m. ++ S. 36d. I7M.: T. ord. 3 EK. 24 Ian. 
Which ſubtract from — e. oom. 
Remainder 1 is half the Angle ACD — — 65d. 46m, 
© Which being doubled — 65d. 46m, 
Produceth the Angle ACD to be I 1314. 220: 
Note; In the fix preceding Caſes, the three given Terms 
without the Quality of a F ourth, are not ſufficient, whereby ore 
fingle Anſwer may be found; and the Quality of the Fourth b 
not always diſcoverable by the given Terms: Therefore they ae 
called the Six doubtful Caſes, | 


; Problem 9. Caſe 7, and 8. : 
Two Sides, and one Angle between them given ; to Fend tit 
1. Either of the other Angles ; | 
2. The third Side, br Side oppoſite ts the given Ang . 
Example. Plate 4. Pig. 9. 
In the Oblique Spheric Triangle AC D, there i is 


Side AC gad. om. Angle ACD, or = 
1505 Side AD 654d. 20m. Angle ADC, Rn 


Angle CAD 30d. 40m. J Side GD is — 


Th 5 


* 
Pvt, 
en 


the 


red! 


Thi 
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W 445.494. 43m. . S. 2.50. Ian. T. 74d. 37m. T. 


This Triangle i is made by Problem 18. of Spheric Trigonome- 


Ceumetrit, in Pages 129 and 130. 


For the Angle ACD, or ADC, the Proportion (by Ariom 2. 


: [Po Ius 1 and 2.45 thus; 


d. m. | 4 m. 4 

Rx \ AD 05. 2.0 Aviche CAD 230. 46 d. . 

4.1 The yur is 15.235, —— (74.37 

Kr of Sides 99. Sadr Tne 13 49. 43 150 Comp. 40.17 
| | Dit er. Sides 3 Dig I5 5˙3 — — 4.2 

As 8. £8477 AD& KG 8.2 5 F. Ne. CAB 1 Di. Ang. 


$20. 02M. 
en again, 


AsS. C. Sur ſider + 1 © Diff: T. c. CAD J. 4 Sum Angle 


| As 8. _ 17m... S. 74d. 23MM. : 1. 54. 27m. + T. 79d. 32m 


Toit add the half Difference Gund above. ——-—52d. ©2M, 
The Sura is the greater Angle ACD ————-13td. Zum. 
An: being ſubtracted, Is the leſs Angle ADC 270. Zom. 


2te, If the Sum of the two containing Sides exceeds. a 


A Semiicircle, then ſubtract each Side from 180 Degrees, and 
W proceed with thoſe Remainders as with the Sides given; the 
Proportion produces the Supplement of the Angle 9, ey to a 
Sl Semicircle, 


| For the third Side CD, or Side oppoſite to the given Angle, 
the Proportion (after the Work above is done) may be made by 
n. Or it may be deduced from the Lord Napier's Catho- 

| ic Propoſition (by a ſuppoſed Perpendicular, let fall from one 


End ot the leſs given Side, to the greater Side given, reducing 
the Obiique Triangle into two ReCtangulars). Which finds the 
dide oppoſit te to the given Angle at WO Froportions, without 


W finding the Angles; and it's thus. 


1. As Radius, is to the Sine Complement of the containes: 


Angle; So is the Tangent of the leſs given Side, to the Tur 


gent n Fourth Arch. 


Ther | if the contained Angle be Acute, ſubtract the F nk 
Arch hom the greater given Side, but when it is Obtuſe from 


Be : Supplemang thereof to a Semicircle, or 180 Degrees, the 
er is called the Reſidual Arch. Then, 
the Sine Complement of the Fourth Arch, is to the 
BU -omplement of the Reſidual Arch; _ 
K 80 


q 
F 
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So is the Sine Complement of the leſs given Side, to the Sin 
Complement of the Side required, That is, 
As Radius ++ 1 CAP :: T. Side AG. T. Fourth Arch, 
As S. god... 8. 50d. 14m. : S. 34d. om. T. N od. 12m, 
54. 


which being ſubtracted from the Se AD ——- 65d. 20m. 
The * is the Reſidual Arch — 35d. ob," 
==, | 


As S. c. 4h Arch. S. c. Reſid. Ar.: : Sic. Side A C. 8. c. Side C9, 


As S. 59d. 48m. .. S. 54d. 52m. : :S. 55d. 54M. . . S. $19. 35m, 
whoſe Complement 38d. 25m. is the Side CD required, 
Note ; When the contained Angle, and Refida) Arch, an 
each more, or leſs than go Degrees, the Side ſought is lets tha 
2 Quadrant ; but when one is more, and the other letz, "th 
mote than a Quadrant. | 


| Problem 10. Caſe q and 10. 
T'wo Angles, and one Side between them given ; ; 
1 find 2 Either of the other Sides? 
2. The Angle oppoſite to the given Side Y 
Example. In the Oblique Spheric Triangle ACD, there is given, 
\ Angle ACD 131d. 34m. Side AC, or? 
The < Angle ADC 25d. zom. Side AD, "nd required! 
Side CD 338d. 28m. Angle CAD is 
This Triangle is made by Problem 19, of Spheric Tri rigen 
mietty Geometric, in page 130. See Plate 4. Fig. 10. 
For the Side AC, or AB, the Proportion (by Ar. 3. Part 1 
and 2.) is thus; d. m. d. m 
Angle ACD 131.34 | The Side CD38 - 
Angle ADC 27. 30 | The half is— 19.14 d. m. 


Zum of Angles 15 159 o4 Sum 79.22% Front 

Difference is 104.94. The 2 oo $2.02 en ) 37.50 

ASS. 4 Sum Ang. . 8. 2K Dif :: T. Side CD. T.: Dif, Side, 

As 8. 720d. 32M. .. S. 32d. oam. : T. 10. 14m. T. 18d. 38m. 
Then again; | 

$.c. 2 SBmAng. . . S. E 4 their Dif.: : T. : SideCD -- 7. 2 Sumvides. 

As S. 10d. 28m. 8. 37d. m.: : T. 19d, 14m. T. 49d. 45m, 


To it add the half Vifforence found above 15d. 38m. 
The Sum is the greater Side AD * 65. 23m. 2 3m. 


And being ſubtracted, is the leſs Side AC = 34d. 07M 
Note ; If the Sum of the two given * exceed 1890 De. 
grees, then ſubtract each given Angle from 180 Degrets, and 
proceed with thoſe Remainders as with the Angles given; the 
Operation will produce each required Side's Supplement !0 * 
>-micircle, or 180 Degrees. Fo! 


Kect. V. Spberit Trigohometry OB; gue. FR 
For the Angle CAD; the Angle oppoſite . to the given Sides - 
the Proportion (after the. Work above is done) may be by Axiom 
W :. Or from the Catholic Propoſition (by a Perpendicular ſup= 
W poſed to be let fall from the greater given Angle to its oppolite 
Side) thus 3 
= A; Radius, is to the Sine Comple ment of thei interjacent Side; 5 
the Tangent of the leſs given Angle, to the Tangent of a 
Fourth Arch, © | 
Then, if the i yeriadent Side be more than a Quadrant, ſub- ; 
E crack the Fourth Arch from the greater given Angle; but when 
es bes, from the Supplement thereof to 180 Degrees, the Re- 
7 müder | 1s the Reſidual Arch, Then, | 
2. As the Sine Complement of the Fourth Arch, is to the 
Sine Complement of the Reſidual Arch; 
So is the Sine Complement of the lefs given Angle, to the 
ue Complement of the Angle required; That is, 
| As Radius ++ S. c. SdeCD: : T. Angle ADC. „T. 4th Arch, 
As S. od. . $.51d; 32m: : T. 27d. gom:;' ++ T. 22d om. 
which ſubtract from (Suppl. of the Angle ACD) 48d. 26m. 
The Rethainder is the Reficual Arch —= 26d. 16m. 
Then. | 
W 5.c.4th Arch -- S. c. Refid. Arch: 28. c. An. ADC.. 8. 2 An. CADreg 
8. % so. .. 8. 6fd. 44m. :: S. 62d: 301m. 8. 59d. 12m. 
whoſe Conplement 0. a! is the Angle CAD required, 
Na; When the interjacent Side, ahd Reſidual Arch are 
| £ach more, or leſs than god. the Angle ſought is Acute; hut 
f when one is * and we orher leſs, "tis Obtuſe. 


W Problem 11. Cafe 11. Three Sides given, to find any 7 the 
e Example. Plate 4. Eg. 17. 

1 + che Oblique Spheric Triangle ACO there is given; 
Y AD 65d. 20m. ACD, or 

| The Sits 3D 5 8d. 26m. 8 ang je JADC, or or 

1 304 o8m. CAD required #F 
This Triangle is made by Problem 20, of Spheric Ti - 
merry Cromaric, in pages 130 and 1317. 
. de Reſolution of this, and the 4 ** Caſe depends upon 

the 4th lriom; and for the more ſpeedy Reſolution; oblerye 

beſe following Directions, viz. _ 
f 3 ag 4 oy three Sides together, and from their half Sum 


{ten * 


| | Reman = = Side oppoſite to the Angle required; noting the 
K 2 TRY. "6. TW 


7 , 
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2. To the Complement Arithmetic of the Logarithm Sine: 
of the containing Sides, and the Logarithini Sines of the halt 
Sum and the Remainder : Half the Total of theſe four Loga- 
rithms, is the Logarithm Sine of half the ane Angle s Sup⸗ 
plement to 180 Degrees. 
The Operation for the Angle ACD, is thus; 


a d. m. 
CD 38 26 S. co. ar. 3 
Side 5 AC 34 08 The containing Sides 58. 778 3 ous 
D 65 20 1 Sum Sides 68d. 55m. S. 9.970000 


Sum is — 137 54 | Remainder is 3d. 37M. 8.8.9989) 
Har Sum: I 5 68 57 | Sum of the 4 Logarithins is— 19.227334 


Remain. — 371 A. 15m. 8. Sum 9.61 3667 
a Double it = 244, Lim. A 
The Sum is ———— 48d. 30m. 


Which ſubtrat from — 180d. oom. 


Remiander is the Angle ACD 131d. 3om. | 
In like manner you may find any other Angle by Logarithms, 
By Gunter's Scale /ay, 
1. As Radius, is to the Sine of one of the containing Sides; 
* So is che Sine of the other containing Side, to a Fourth dine. 
Then, 3 
2. As that 4(h Sme, is to the Sine of . kaif Sum of tis 
Three Sides; So is the Sine of the Renainder, to a Fifth dine; 
againſt which 7 "och Line of Verſed Sines | is the Angle required, 
at is, 
As Radius ++ S. Side CD : : S. Side AC .. a Foutb Sine. 
As S. od. -+ 8. 38d. 26m. : 8. 340. o8m. .. S. 20d, 26m. Then 
As Fourth Sine · S. Sum Sides: 8. Remainder . a Fifth Sine 
As 8. 20d. 26m. ++ S. 68d. 57m. : : 9. 03d. 37MM. ++ S. gd. 43m. 
againſt which on the Line of Verled Shook is 1 ler ok the 
Angle ACD as mea 


| Problem 12. Cale 12. The Angles given ; 3-140 n 4 Side 


Example. Plans 4 Fig. 12. 
n the Oblique Spheric Triangle ACD; there is given, 5 


ACD od. 47m CD, or 
The Angled ADC 27d. zom. 8 resse) AC, or | 
CAD 131d. 24m. I AD, required? 
This Triangle is made by Problem 21. of Spheric T rig ont 
metry Geometric, | in Page 131. This = 


ect V. Spheric Trigonometry Oblique, 149 


This Caſe is likewiſe perform'd by the Directions in Caſe 1 I, 


the Anoles being accounted Sides, and the Sides Angles ; and 


hen taking the Supplement of the greater (given) Angle to 
180 Degrees. | 


For the Side AD, the Operation i is "TO * 
dM. 


Sup. Aug. CAD48 26 8. co. ar. O. 12 5992 
$ "ADC 27 30 The adjacent Ang. 48. 3 .eu, 


_ * ACD 30 47 Sum Ang. 53d. 2 1m. S. 9.904335 
dum 18. 106 AZ} 1 Remainder 22d. Z4m.8. n 584058 


Hlalf Sum Is — & 3.21 21 Sum of the 4 Logarithms is 19.940079 


Remainder — 23 34 34 | —— by 45 S. 1 Sum 9. 974989 
Double it 


The Sum . 30 * 
Subtract from 180. 0 oo 


Remainder is che Side AD 38.30 30 


Or thus, 


B Gunter 5 Scale. 
7. As Radius, to the Sine of one of the adjacent Angies (to 


the. die requir ed); ſo is the Sine of the other adjacent Angle, 


0 a Fourth Sine. 
2. Then, as the Fourth Sine, is to the Sine of the half Sum 
of the Three Angles ; ſo is the Sine of the Remainder, to a 


Fifth Sine: againſt which, on the Line of Verſed Sines, is the 
dide. re quired. 
That! is, 


As Radius . 8. Sup. CAD: : S. Angle AO., a Fourth Sine. 
As S. 90d. 8. 184 26m. : : S. La 30m. ++ 8. 660. 13m. 
Then again, 


As Fourth Sine . S. Sum z 1 Angles : 18 Remainder -- a Fifth Sine. 


ASS. 20d. f zm... 8. 530. 21N. : : 8. 22d. 34m. .. 20d. 13m. 
3 ail which, on the Line of Verled _ * 38d. zom. 
AD, as above. | 


Nat: When the greater Side (CD, which ever is oppoſite 
to the greater Angle) is requlred, the Operation will produce 
Supplement thereof to a Semi-circle : wherefore, if it be 
tubiractog from 180d. it leaves the Side ſought; Or (by the 


K 3 Lega 


In like manner may any other Side bc found by OO : 


” or as ot —— 4 


£4 ES I 


130 . The Defeription of the Globes, Chap. VI 
ithms) if you cmit this Part of the Operation (Which ſub- 

tract from 180 Degrees, tFe.) you have the Side required. 

So much for the Doctrine if Spheric Triangles z the Apple 

tion follows. | 


NN EAA Burn 
e VE 
Containinę the. Deſeription and U, Te of the Globes, 


Aving finiſhed Spheric 77 rigonontetry, it remains to ſhew | ite 
Uſes in Geography, Great Circls-$ailing, and Astronomy. 
In order to the perfect Underſtanding of theſe, it's requiſite fir 
to be acquainted with the Nature and Uſe of the Glades, which 
I will endeavour to perform briefly and plainly. 


Section J. The Deſeription and Uſe of Globes in ol. 


Dyfnition 1. A Globe, (as to its Name and Figure) is ſo gene- 
rally known, that its needleſs here to pro- 
duce a Mathematical Definition of it; but as to the Kinds of 
Material Globes, and their Parts, it is neceſlary ſomethung 
ſhould be ſaid. 
2. The Kinds of Globes are two; Terreſtrial and Cele/ial, 
which together with their Appurtenances, are for the lively Re- 
preſentation of the natural Situation, ang Poſition of the Earth 
and Heavens, and are uſeful for the demonſtrating (by Repre- 
ſentation and Reſolution of) any Problem belonging to the 
Sphere of Heaven or Earth, either in Geegraphy, Navigation 
or Aftronomy. 
—_ Appurtenances appertaining to Material Globes are 

Six ; the Body or Globe it ſelf, Brazen Meridian, Quadrant 
of Altitude and its Screw, Hour-Circle and Index, Wooden 
Frame or Horizon, and Rrals Semi- circle of Poſition; all ma) 
be uſed with either Globe; yet the laſt being of leaſt Uk, may 
be ſupplied by the Quadrart of Altitude. 

4. The Body, or Globe it telf, is an Emblem of Heaven, or 
of Earth; on which are drawn divers Lines and Circles, uſefol 
and proper for che Explication thereof. 

5. The Brazen Meridian, is the Ring in which the Globe 
hange th, and turneth upon its Axis, deidg two Wires iſſuing forth 
its Bouy ; and is divided into four Quadrants, each go * | 
and ficured 19, 20, 30, ge. to 99. ot 


Wo: 2s k 


ORF” q 
— — — 


— 1 ͤ ²˙ 
„ * =” 0 8 * nk : — 4 „ ee 6. 0% l . ˙- ooo ge 
— - — c * * v 7, y x 7 <= © | 
— — * * n 87 err rr 
rr rr EF 4 * . | 
4 
+ 
$ 
1 
x 4 
4 
; 
i 
* 
: j 
| ; 1 
| 1 
5 
2 | 
| : 
Sn . 
: 
ES < 
2 


HQ 
— 


ns 


— 


R 


2 


6 4.489 
———E—ü—ä RS nay re 


„rr 


— —— — 


— 


— 


— < 


9 7 n ** : : 
, I ——?—d! 0 
—— —2— ca 


* 
922 „rn. 


——— 2. — - —— — 


* 
— — 3 Wy 


1 


Flac nat aftrrPage 15 0 


— 
* 
7 — 
. 
> * 
* 
* 
oy 
& ” 
4 „ 
q 
4 „ 
* 
1 
. - 
% 
i 
N * 4 % % 
* 
0 
1 
I 
* * ? 
5 x 
* a 
* 
* 
»- © 
* 
* 
% # 
F 
* 
* 
£ 
— 
4 - 
* 
„ 
2 2 * « 
+ 
had -_ 
* 
* 
* 
\ 
. 
c 
* 


Set, Il, The Uſe of the Terreſtrial Globe. 151 

6. The Quadrant of Altitude, is a narrow thin Slip of Braſs, 
with a Notch, Nut, and Screw at one End; *tis divided into 
ood. which ſhew the Almicanters, or Circles of Altitude, and 


the Edge repreſents an Azimuth Circle. 7 

7. The Hour Circle, is a flat Ring of Braſs, fo contrived, 
that it may be took off, and fixed about either Pole of the 
Globe; *tis divided into 24 Hours of a Natural Day; each Hour 


is divided into Halves and Quarters ; to this belongs an Index, 


having a round Hole at one End, to fix it on the Axis of the 


Globe. 4 3 
g. The Wooden Frame or Horizon, is round and flat, in which 


the Brazen Meridian doth move through two Natches, diametri- 


cally oppoſite, and another in the Middle of the Bottom of it: On 
the upper Part is a Kalendar, ſhewing the Day of the Month, 
Sun's Place in the Ecliptic, the Rumbs, or Points of the Com- 
8. The Semi-circle of Poſition, is a Semi-circle of Braſs z the 


upper Side is divided into 180 Degrees; it ſerveth to meaſure | 


Diſtances, either on the Terręſtrial or Cœlgſtial Globe. 


Section II. The Deſcription and Uſe of the Terreſtrial Globe. 

| T HE Terreftrial Globe, hath on the Superficies of its Body, 
= the whole Form and Faſhion of the Earth and Sea, deſcri- 

bez ; with the Circles of the Sphere, as Equator, Meridians, 

Tropics, % ES 


n order to a clear Underſtanding the Uſe of this Globe, ob- 


#err theſe following Geographic Definitions. 3 
The Earth, together with the Sea, compoſeth that round 


Body called the Orb, or Globe of the Earth, which is deſcribed 


by Tin-2 Real, and Imaginary. : 
2. The Real Lines, are ſuch as agree to the Terreftrial Globe, 
by Nature, and ſo divide it into Continents, Iflands and Seas: 


The {maginary Parts, are ſuch as are applied to it by vertue of 
our Underſtanding z and being not materially ſuch, are ſuppo- 
led tO be on the Earth: "Theſe Imaginary Lines are either ſtreight 


Or cireulas; en 1 5 
+. the Axis, is a ſtreight Line imagined to paſs through the 


emer of the Earth ; the extream Points are the Poles, on 


1111-1 the World is ſuppoſed to move; one called the Artic, or 
No Hole; the other the Antartic, or South Pole; tis repre- 
010% by the Wires on which the Globe turneth. 

The Circular Lines, are either greater, as the Meridian, 
on, Equator ; or lets, as Tropics, Polar Circles, Paral- 
* Lalitude, K 4 5. Me- 
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5. Meridian, is a Circle paſſing through the Poles of the 
Earth, the Zenith and Nadir; croſſeth the Equator at Right 
Angles, and divideth the Earth into two equal Parts; one 
Eaſt, the other Weſt. It is ſo called, becauſe when the Sun 
cometh to the Meridian of any Place, tis then Noon, or Mid- 


day there; they are infinite in Number; for all Places from 


Eaſt to Weſt have their ſeveral Meridians. 
Of theſe one is called the Fr, or Chief Meridian, from 
which the Longitude of Places is reckon'd ; 'tis of ſpecial 


Note and Uſe, but variouſly placed by Geographers : *Tis 
repreſented on the Globe by a double Line paſting through 


the Poles, and is divided into twice go Degrees, numbred 
from the Aquator, towards each Pole, ending in 90 De- 
grees. | 3 8 


6. The Horizon, is that Circle which comprabenderh all 
that Space of the Earth which is viſible, and diſtinguiſhethit 


* 


from that (lying under the Horizon) which is inviſible, *tis 
either Senſible or Rational. 18 5 1 


The Senſible Horizon, is that apparent Cirele, which ex- _ 


tends it ſelf quite round about us, dividing the Heavens and 
Earth into two unequal Parts z and being limited by the Sight, 
is ſometimes greater or leſs, according to the Condition of the 
Phce,. fc... . „ 
The Rational Horizon, is a Circle dividing the Heavens 
and Earth into two equal Parts, whoſe Poles are the Zenith and 
Nadir. By this Circle our Days and Nights are meaſured, aud 
the divers Riſings and Settings of the Sun, Moon, and Stars do 
appear: *Tis repreſented on the Globe by the upper Part of 
the Wooden Frame. | ITT OY PER 
Notre; The Meridian, and Horizon, are moveable with the 
Mutation of Places. „ N 
7. The Æguator, is a Line under the Equinoctial in the 
Heavens, compaſſing the Earth in the Middle between its two 
Poles, dividing it into two equal Parts, called the Northern 
and Southern Hemiſpheres; from it, the Latitude of Places are 
reckon'd, either North or South: This Circle is repreſented 
on the Globe by a double, or treble Line; divided into 360 


Degrees, and number d 10, 20, 30, c. from the Leſt-hand 


towards the Right, till it end in 360 Degrees. 


This Circle is called Æguatar, becauſe when the Sun comes 


to it, which is twice a- Vear (viz, about the ioth of March, at 
his Entrance into Aries; and again into Libra, about the 12th 


of September) he makes equal Days and Nights, througho 
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the World. And upon it is writ in Capital nt Linea fab 
A quinottiall. 


8. The Leſs Circles, deſcribed on the Globes, are called Pa- 
Circles, ſore of which have parucuar Names, as Tropics, 
and ar D 

he Tropics are two, being parallel to the Æquator, 


5 1 tance from it 23d. 29M. That on the North Side of 


it, is called the Tropic of Cancer, at which the Sun hath. ifs 


greate eft North Declination ; then making to us {and all Places 


n North Latitude) the longeſt Day, and | ſhorteſt Night ; which 
is about the 11th of une: The other, on the South Side, 15 
called the Tropic of Capricorn, at which the Syn hath. his 


grea teſt South Declination, making then our ſhorteſt Day and 


bon geſt Night, which is about the 12th of December. "Theſe 
Ws, ies have their Names thus; Tropicus ſub Cencro, and 77 o- 
picus fub Capricoruo. 


13. The Palar Circles are two, being alſo parallel to the 


: Acuator, and compaſſing the Poles of the World, at 2 3d. 29m. 
Difance : That about the North Pole is called the Artic-Girtle, 


and the other the Antartic Circle, and are writ thus; Circulus 


fub Art ico Polo, and Circulus ſub Autartico Polo. 

Thee Tropics, and Polar Circles, divide the Globe of the 
Farth 6 hve Parts, called Zones; of which three were ac- 
counted by the Antients to be fo intemperate as to be uninha- 
birable 3 calling them Torrid, Frigid, and Temperate ; that is, 


one Torrid or Burning Lone, two Temperate, and two Frigid 


WF Er: S&H Zones. 
(i. The Torrid Zone, is all that Space of Earth and Sea, 
which lieth between the Tropics of Cancer and Capricorn. 

12. The two Temperate Zones are contained between each 
Tropic, and a Polar Circle. N 

13. The two Frigid Zones, are contained within each Polar 
Circle; that is, one within the Artic Circle, and the other 
OY by the Antartic. 

us much of the Imaginary Lines, and Parts of the Earth : 


The real Parts, are Earth and Water, in general diyided into 


Four, Parts or Quarters ; called Euro 15 Aſia, 4 rH, and Ame- 
e cach of theſe, and conſequently the whole Globe, is di- 
vided into Continents, Iſlands, and Na. | 


14. A Continent, is a great Quantity of Land, not divided 


dy t e Sea, Wherein are many Kingdoms, and Countries 
Fon joined 3 


a 
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conjoined ; as Europe, Afie, and _ is one Continent, and 
Lais is another. 3 


15. An Iſland, is a Part of the Farth that is  environ'd of 
a round by the Sea; as Great Britain, and alſo Ireland 
Ec. are lilands. | 

In Continerits, and Tands, are theſe Parts obſervable, vil 

Peninſula, Iibmus, and Promontory. | 


16. Peninſula, is ſuch a Part of Land as is almoſt environell 
round with Water, and is TO to the Land * an A bmus, 
the Moree in the Levant, | 


2j. An, Ihm is x narrow' Netk-of Land: betwern wel 
Seas, which Joineth the un to the Continent 3 as Corinth | 
in Greece. 


18. A Promontory, is a high Hill, Mountain, or Que 
Land that ſhooteth it ſelf into the Sea; as Cape 1. Vere, and 
the Cape of Good Hope in Africa. 


19. A Place, in reſpect to the Heavens, | is either Et, Weſt, | 
North, or Scuth. N 
Theſe Places are faid to be Eaſt, which lie in the Eaften 8 
Hemiſphere {terminated by the F rſt Meridian) or. where te i 
Sun riſeth. E 
And thoſe are Weſt, which lie Weſterly of the fad Meridian, E 
or towards the Setting of the Sun. 3 


Thoſe Places are properly North, which te betwixt the | 
#quator and the Artic Pole. / 


And thoſe Places are South, which lie detwixt * 1 
and Antartic Pele. 


The Antients have divided the Inhabitants of the Earth into q 
Peridci, Anti, and Antipoges. | 


20. The Pericci, are fuch as live under the fame Parallel, bu: WM 
i oppoſite Points of it ; that is, they are in the ame Latitude, 
| but their Difference of Longitude i is 180 Degrees, | 


21. The Antiœci, are ſuch as have the ſame Meridian and | 
equally diſtant from the X quator, but the one North, ah the 


other South; that is, two Places in one ae and each 
equal in contrary Latitudes. 


24. The Antipedes, are ſuch as habit, two Macs of the | 
Earth, which are diametrically oppoſue ; that is, two Places, 
who#z Difference of Latitude and Difference of Longitude, 1 
eh 180 Degrees, and ſuch Walk Feet to Feet. 8 : 
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62,7%, being encompaſſed with Muter, whoſe Waſhings 
ang the dry Land, cut out and ſhape many Winding 
| 2 recks, and meandring Inlets, giving Terminations to 
; & Regions of the Earth, and extending it ſelf round ; 

n 4. is but one continued, Ocean. Wherefore, 
wy ater, is either Ocean, Seas, Straits, Creeks, Lakes, 
ays, '&c. 

Tue Ocean, Is a general Collection, or Rendezvouz of 
oa 
he Sea, is a Part of the Ocean, to which we come | 
Jome Strait; as the Mediterranean, and Baltic- Sen. 
Strait, is a narrow Part of the Ocean, lying betwixy 
Nees, and opening a way into ſome Sea; as the Straits 
f ier, that lead into the Mediterranean Sea ; and the 
Which leadeth into the Baltic- Sea. 
WW. Cre}, is a fmall narrow, Part of the Sea, or * . 
: | ap but a little Way into the Land. 
\ Bay, is a great Inlet of the Land, as the Bay of 12 
5 of Mexico; otherwiſe a => is a Station, or | 
; to anchor in. 1 
\ River, is a ſmall Branch of the "Th flowing into the | 
courting the Banks, whilſt they their Arms diſplay, o 
her filver Waves. 5 
Lale, is that which continually retains and keeps | 
of | ba ; as the Lake Zair in Africa, and Lake Nicurgua 


0 bh is an * of the Land, deeper than a Bay, as 
=” EE Venice, the Gulph of Florida z en are fwiſt 


a 


3 


of the Names of the Ocean. | 
The Ocean, according to the four Quarters, bad four 
as the Eaſtern or Oriental Ocean; the Weftern or Occi- 
cean ; the Narthern or Soptentrional ; and the Southern 
icnal Ocean, But betides theſe, it hath other particukr 
wording to the Continent it boundeth, and the Nature 
ca. As it lies extended towards the Faſt, tis called t he 
dea, from the adjacent Country of Chinea : Towards 
ti, *tis called Oceanus Indicus, or the Indian Sea: 
it waſheth the Coaſt of Per/ia, tis called Mare Perſicum : 
natiner, Mare Arabicum from Arena” and ſo 18 
it, *tis the Bebe pu 1 | 
Then 
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conjoined ; as E 8 Ala, and ans is one Continef 
Ameriua is another. EF 
15. An Iſland, is a Part of the Earth that is enviri 
compaſſed round by the Sea; ; As n Britain, and alſo 7 
Ec. are lilands. 
In Continents, and Iſlands, are theſe Parts obſernabl{ 
Peninſula, Ithmus , and Promontory. | 1 
16. Penin/ul2, is ſuch a Part of Land 28 is almoſt en 
round with Water, and is 8 to the Land by an 11:4 
the Mora in the Levant, 


17. An HHibmus, is a narrow Neck of Lad betwee L 
Scas, which e the rs to the Continent; 25 3 a 
in Greece. F 


Land that ſhooteth it felf into * 888; Ws Cie 4 2 « . 
the Nag. of Good Hope in Africa. © 4 


19. A Place, in reſpect to the Heavens, is either 
Nook, or Scuth. 8 1 , 


Theſe Places are faid to be Eaſt, whit lie in the ter 
Hemiſphere (terminated by the * iſt Meridian) or he A 
Sun riſeth. 9 . 
And thoſe are Weſt, which lie Weſterly of the fad Nef 
or towards the Setting of the Sun. I 
Thoſe Places are properly North, which lie beo 
Equator and the Artic Pole. | 
Ang thoſe Places are South, which lie detwixt the q 
and Antartic Pele. 
The Antients have divided the Inhabitants of the Eartl 
Peric'ci, Antiaei, and Antipodes. 


20. The Perieci, art ſuch as live under the ſame Parallel bu 
mn oppoſite Points of it; that is, they are in the ſame Lali 
but their Difference of Lovgitude i is 180 Degrees. 


21. The Auticci, are ſuch as have the ſame Meridian, Inc 
equaliy Ciſtant from the Æquator, but the one North, ” 15 
other South; that is, two Places in one e and Wt 
equal in contrary Latitudes. 8 


22. The Antipodes, are ſuch as ; inhabit t Places ot 4 
Earth, which are diametrically oppoſue ; that is, two FI 
whoie Difference of Latitude and. Difference, of Longitude 

ei 180 Degrees, and fuch Walk Feet to Feet. 
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ne Earth, being encompaſſed with ater, whoſe Waſhings 
Wk uo ding the dry Land, cut out and ſhape many Winding 
WP, Crecks, and meandring Inlets, giving Terminations to 


em all. is but one continued, Ocean. Wherefore, _ 


WE The Haier, is either Ocean, Seas, Straits, Creeks, Lakes, 
ere, Bays, Cc. 5 


; : Waters. 


% which leadeth into the Baltic-Sea. 7 
eech ep but a little Way into the Land. 


| 4 za the Buy of Mexico; otherwiſe a Bay is a Station, Or 
WD: Ships to anchor in. | — 


brace her filver Waves. 


WY iter in. it; as the Lake Zair in Africa, and Lake Nicurgua 


__ F777: 

rns. 

= Of the Names of the Ocean. TN 
B31. The Ocean, according to the four Quarters, had four 
ical Ocean. But beſides theſe, it hath other particuber 
es according to the Continent it boundeth, and the Nature 
bean bea, from the adjacent Country of Chinea : Towards 


al South, tis called Oceanus Indicus, or the Indian Sea : 
n 5ſheth the Coaſt of Perſia, tis called Mare Perficum - 


. 33 

” 

w 

4 . 

ak 

8 2 
* 

x v1 


ett, ii the Erbiopean Sea, © 


Four Regions of the Earth, and extending it ſelf round 


WS -;. The Ocean, is a general Collection, or Rendezyouz of 
24. The Sea, is a Part of the Ocean, to which we come | 
BS: cough ſome Strait; as the Mediterranean, and Baltic- Seng. 
BS 25. A Strait, is a narrow Part of the Ocean, lying betwixt ' 
=o Shores, and opening a way into ſome Sea; as the Straits 
BS £:/r:/er, that lead into the Mediterranean Sea; and the 
. A Crt, is a ſmall narrow, Part of the Sea, or River, 
AB, is a great Inlet of the Land, as the Bay of Bi * 
Oa ' 
s. 4 River, is a ſmall Branch of the Sea, flowing into the 
ad, courting the Banks, whilſt they their Arms diſplay, its | 
„ 4 Lale, is that which continually retains and keeps 


| . 30. A Gulvh is an Inlet of the Land, deeper than a Bay, aa 
WF 0:7 of Hnice, che Gulph of Florida; in which are ſwift 


Ws; => the Eggen or Oriental Ocean; the Metern or Occi- 
W's Vc: ; the Northern or Septentrional ; and the Southern © 
Sea. As it lies extended towards the Eaſt, tis called the 


Wc manner, Mare Arabicum from Arabia: and fo towards, 


Theme” 
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Then the Atlantic Ocean, from Atlas, a Mountain in Afriia; 
But near to America, tis called by the Spaniards, Mart. 
Nort.; and on the other Side of America Mar-del-Zyy, Or 
Mare Pncificum. 
Where it toucheth upon Spain, tis Oceanus Hi i panic; by 
the Engliſh, the Bay of Biſcay : Between England and France, 
'tis called the £72/7/þ Channel: Between England and Irelont 
the [ri/b-Sea, or St. George's Channel: Between En: nd 
Holland, by ſome the German, but rather the Britifh Olum. 
North ard of Scotland, tis called Mare Caledonium Mole 
Northerly, tis the Hyperborean, or Frozen Sea: More Fall. 
erly, tis the Tartarian Sea, or Sc than Ocean, Ke. 1 hus tor 
_ the Names of the Ocean. Next, 


Of the Names of the Seas. 

32: The Ballic ca, by the Dutch the Off Zee, lying be- 
tween Denmark, Sweden, and Germany, whoſe Entrance is 
called the Sound : The Mare Medierroneum, by the Engliſh the 
Straits; by the Spaniards, Mar-del Levant z the Entrance 
whereof 1s called the Straits of Gibraltar Then Pontus Enuxinis, 
or the Black Sea; to which joins Meotis Palus, now Mar- dil 
Zaabeche Then the Caſpian, or Hercantan Sea: Then the 
Arabian Gulf, Mare Rubrum, or the Red Sea. And Perjiae 
Gas or Gap ae E keatif, &c. 


07 the Diviſion of the Earihy Glite. 5 
53. The Globe of the Earth (as was laid before in Def. 12.) 
2 divided into four Parts, vis. Europe, Asa, Africa, Ameri: 

34+ Europe is bounded towards the North by the Northern 
Oc ean, or Frozen Sea; on the South by the Mediterranzon St, 
lying betwixt it and Africa; on the Eaſt with the River Ta ; 
and on the Weſt by the Weſtern, or Atlantic Ocean, whoſe 
Chief Provinces are, 


Poland, Muſcovia, Sweden, Nerway, 


Denmark, (zermany, France, Spain, 
Portugal, Italy, Hungary, S$clavania, 
Greece, Dalmatia, Romania, Part of Tarlaria. 
The principal Hlands are, 
Great-Britain, Jreland, Sardinia, Sicily, 
Corſica, (Candia, MNegropont, Cyprus: 


35. Aſia, is bounded en the North with the Northein, ati 


Tartarean Ocean; on the South with the Arabian Gul, Of 


Ned Sea ; on the Eaſt with the Indian Ocean; and on the We 
with the River Tanais, 


1; 
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The chief Regions are 
Tr by in Aſia, Arabia, Tartaria, Perſia, 
Anatolia, Meſapotamia, AMſſyria, Chaigea, 
$3114, Armenia, Palefting, Georgia, 
Media,  Parthia, :  C ne, - India. 
The principal Iſlands are, 
Japan, | Sumatra, Borneo, &c. in the Oriental Ocean... 
Cyprus, Rhodes, in the Mediterrauaan. 


Metellizo, Scio, Samos, &c. in the Archipelagus. 
36. Africa is bounded on the North with the Mediterranean, 


on the Laſt with the Red-/za, on the South with the Afrhiopc of 


Saur ber Ocean, and on the Weſt with the Atlantic. Ocean. 
'The Principal Provinces are, 


Agypt, Barbary, Billedulgerid. 
Pefarts of Sarra, MNegroland, SS thiopia, of * ds 
Nubia, Monomotapa. 
Its Iflands are, 
The Cenary Ilands Cape de Verde Wands, 
The Iſles of Azores, Madera Iſlands 
dt. Thema, Aadataſcor, or St. Lawrentet 
Maha, in the Mediterranean. | 


37. America, is bounded on the North with the Northern 


O:can, on the Eaſt with the Atlantic Ocean, on the South with 


the 4ſo2c//anic-ſea, and on the Weſt with the South Sea, or 


Mar del 2 ur . I s divided into two Parts, viz, Mexicana, * 
Peruund. 


Mexicana, or North America hath theſe Provinces ; 


New-Shain, Terra Florida, Corolina, FVirgina, and 


Mary land, P enſi Dania , | Neo- Jer ſey, Neu- Yor t, 


Aeu-Eug d, New- France, Creenland, whether Conti- 
= nent or Iſland is not yet known. | 


The chief Iſlands of Mexicana are, 


and, or Iceland, California, New-found-land, Bermudas 


Pariuma Or Sourd- Grerice, hath theſe Provinces ; 


Terra Megellanica, Brazilla, Chili. The Amazons, "Guiantay 


Peru, Paunama, Carthagena, Paraguay, or Rio-de- la- Plata. 


The Prigcipal Iſlands of Paruane are, 
Hiſpar; 1 bla, Cuba, 


teſt of the Caribbee-I. nds, &c. 
Moluzue Iſunds, 
lands in the Eat. Indies. 


Having 


amaica, Porto- Rico, Bartadaes, and the 7 
Java Major, Jawa elſes, and many other 
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158 The Uſt of the Terreftrial Ge. Chap. VI. 
Having deſcribed the Lines and Circles, and the Parts belong 

ing to the Terreſtrial Globe, the Uſes of all take in the fol. 
lowing Problems. een ee, 


Problem 1. To find the Latitude of ativ Place upon the Gili. 
The Rule. Bring the Propoſed Place juſt under the Braſs Me. 
ridian) and note what Degree (on the faid Meridian ftang 
againſt it, which is the Latitude thereof. Or thus, | 
With a pair of Compaſles, take the neareſt Diſtance from the 
propoſed Place (on the Globe) to any Parallel of Latitude, and 
lay it on the graduated, or firſt Meridian from the ſaid Parallel, 


the ſame Way the propoſed Place lieth from it, the other Foot 


ſheweth the Latitude required. 


Example. Let it be required to find the Latitude of tit 
6 | Lizard in England? | 
Turn the Body of the Globe till the Lizard be juſt under 
the Braſs Meridian, and you'll find 5o Degrees right againſt it; 
which is the Latitude of the L:zard. Or thus, 
Take the neareſt. Diſtance (on the Globe) from the Liwr! 
to any Parallel of Latitude; apply the fame to the graduate: 
Meridian, and it ſheweth the Latitude 50 Degrees as before. 
Neis; All thoſe Circles on the Globe, which are patalic} 


to the Equator, are called Parallels of Latitude. 


Problem 2. To find the Lengitude of any Place on the Globi. 
The Rule. 1. Turn (as before) the Globe till the propoſel 
Place lies juſt under the Braſs Meridian, and there keep it ſteady. 


2. Then obſerve what Degree of the Æquator lieth under 


the Braſs Meridian, and that's the Longitude required. : 


Example. I demand the Longitude «of the Lizard in England! 
Bring the Lizard under the Braſs Meridian, and then tte 


Braſs Meridian cutteth the Æquator in 19d. 5 bm. the Longitude 


required, 


Note; The Globes formerly made in Ene land begun Lorgi. 


| tude at the Meridian of the Ifland of St. Michael, one of the 
Illes of the Azores, which is Weſt from the Meridian of London 
(aceorcing to the Mariner's Compaſt Reftified) 2 5d. 20% | 


And accordingly the Lizard's Longitude is gd. 24m. Weſt 


from London This Difference in the Longitude of Places, I 


occaſioned by the different Beginnings, of Longitude by ſeveral 


Authors, which the Student is deſired to conſider. 


1 | Prob. 
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Mer 2. To find the Dis of any two Places on the Globe. 
aig Of FA 1157 che Beginning of the Degrees on the Qua- 
4:9: of Altitude, upon one of the propoſed Places, and count 


how many Degrees on it, are contained between both Places, 


which is the Diſtance required. 


» Thoſe Degrees being multiplied by 60, the Product 1 
the Diſtance in Minutes. Or thus, 


| Take the Diſtance between the two Places with a Pair of 
Compalles ; then meaſure that Diſtance on the Aquator, count- 
| ing the Degrees intercepted between both Feet, and it will ſhew 


the Diſtance required. 1 at! apt, 
Nate; The Diſtance found by this Problem, is the ſhorteſt 


| Diſtance ; or their Diſtance in the Arch of a Great Circle, 
which is 126 than their Diſtance in the Rumb, leading from one 


to the other; except both Places lie under one Meridran, or 
in the ZXquator, g r : 

RPE Mis „ 3% . | 

I demand the Diſtance between the Lizard, and the Iſland 


Harbadoes? . 


multiplied by 60, is 3300 Miles or Minutes. 


P-2blem 4. To find the Angle of Poſition of Places ; that is, 
the Angle, the Arch of a Great Circle paſling over two given 
Places, makes with the Meridian of either of them. 


ot one of the given Place. 1 9 00 

2. Bring the ſame Place under the Braſs Meridian, and there 
lay the Body of the Globe. e e ; 
3. Screw the Quadrant of Altitude 
igt over the ſaid Place. RY ie, 
Iden lay the graduated Edge of the Quadrant of. Altitude 
e other Place, and the faid Edge will cut the Horizon in 
de Degree of Poſition requ ted. 5 


I of Barbadoes from the Lizard? _ _ 

* 5 * the Lizard to the Braſs Meridian, and there reſtin 

1 the Glode, you will find the Latitude of the Lizard 
* 30 Degrees. WY 2. Move 


If you lay the Edge of the Quadrant of Altitude on both 
Places, and the Beginning of the Degrees of it on one of the 
| Faces, yon will find on the Quadrant of Altitude 56 Degrees 
| intercepted between them, which is the Diſtance ; and being 


The Rue. 1. Rectity the Body of the Globe to the Latitude 


faſt on the Braſs Meridian, 


Ex27Þle. Let it be required to know the Angle of Poſition 


x60 The Uſe of the Terrefirial Globe. Chap. VI. £ 
2. Move the Braſs Meridian (keeping the Body of the Globe 
fixed as before) higher cr lower, until go Degrees on it do cu Ml © 
the Horizon fon the North-ſide thereof,) then is the Globe 
rectified to the Latitude of the Z!Zard + The like you muſt de by 
min Rectifying the Globe for any other Place, or Latitude, tk 
3. Screw the Quadrant of Altitude to 50 Degrees on the 7 
Braſs-Meridian, which is juſt over the Lizard, (if the Globe be 
not turned from its Poſition as in the firſt ſtep hereof) and tum J. 
the graduated Edge of it to Barbadoes, the faid Edge will 
point on the Horizon to 91d. 3om. South Weſterly; which ic 
s the Angle of Poſition of Barbadoes from the Lizard ; that y 
is, the Angle, the Arch of a great Circle paſſing through, or bs 
over the two Places, makes with the Meridian of the Lixari, 
which is not the Rumb, leading from the firſt to the ſecond : 
For, if you rectify the Globe to the Latitude of Barkadre, 
and fo proceed as before directed, you will find the Angle of 
Poſition to be 37d. zom. North-Eaſterly, the Poſition of the 15 


£:zard from Barbadoes, which is 34 Degrees lefs than the Pol- al 
tion of Barbadoes from the Lizard; whereby it appears neither Wl = 
of theſe are the true Rumb, or Pont of the Compals leading from | 

one Place to the other. For you are to Note ; t 


I. That the Rumb-lines, or Points of the Compaſs, make iſ 
equal Angles with ail Meridians on the Globe. 
2. That an equal Segment, or part of the faid Rumb, * 
changeth, or altereth the Latitude in all Places equally. | t 
| 3. That the Rumb-Lines, tho* continued never ſo far, de 
rot paſs through the Poles, but wind about them *ti!! they ole 
c n 
4. Theſe Rumb-Lines are repreſented upon the Globe ©) 5 
thoſe Spiral Lines, which you ſee are 32 in Number, meeting n 


a Center, where there is a Hotuer- de-Luce pointing to the North; . 
from thence they run winding about the Globe, and continue Bl ; 
inclining towards the Pole, where they ſeem confuſed. 


Problem 5. Two Places being given; to find their Run), 
Bearing, or Courſe, in Sailing from one to another, 


pe Rule. 1. Having found the two Places on the Globe, 
ſee what Rumb-Line paſſes through both of them, and that s 
the Rumb, or Courſe from one to another, 3 cre F 

2. If no Rumb-Line paſs through both places, then ob oh 1 
which runneth Parallel to both Places, and that is the Rumb; = 
or Courſe from one to the other. | Exams 


be, 
it 3 


eye 
mb; 


mp. 
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Fxample 1. I demand the Courſe from the Lizard, to Cape 


Cod in New England! 


On the Globe you will find theſe Places to lie on the W. 
by S. and E. by N. Rumb-Line, and therefore the Courſe from 
the Lizard to Cape Cod, is W. by S. and conſequently from 
Cape Cod to the Lizard, E. by N. 
Example 2. I demand the Courſe from the Lizard, to the. 
Ilind Barbadoes? | RO TED 7 . 
Here Rumb-Line on the Globe paſſeth over them; where- 
fore look for a Rumb to which the Place lies moſt parallel, and 


you'll find it SW. half W. the Courſe from the Lizerd to I. Bar- 


badces ; and N. E. half E. from 1. Barbadoes to the Lizard. 


Prob. 6. Courſe and Diſtance ſeiled being given ; to find the 


Difference of Latitude, and Difference of Longitude. 


| The Rule. t. Make a {mall Mark on that Rumb-Line (which 
is the given Courſe) in the Latitude of the Place you fail from, 


and bring that Mark to the Braſs Meridian, which cuts the 
Equator in its Longitude. 


2. Take the Diſtance failed from the Equator, and lay it on ; 


tie faid Rumb, from the foreſaid Mark; at the Termination 
thereof make another Mar. V 
3. Then bring this Second Mark to the Braſs Meridian, 


which is the Latitude of that Place; and then the Meridian cuts 


the Equator in the Longitude of it. 


4. Having the Latitude and Longitude of thoſe two Places 


mart'd in the Rumb-Line, by Subtraction you may find 


tier Difference of Latitude and Difference of Longitude, and 


is done. is 


Example. Suppoſe a Shis fails S. W. by W. 200 Leagues, 


or i0 Degrees from the Lizard : I demand her Difference of 
Latitude, and Difference of Longitude ; or what Latitude and 


| Longitude ſbe is in? 


1. Make a Mark on the 8. W. by W. Rumb, juſt under £0 
Degezs, (the Lizard's Latitude) and then the Meridian cuts the 
Equator iz) 357 Degrees, the Longitude of that Mark. 


2. Tate 10 Degrees from the Equator, and lay it on the 8. 


W. by W. Rumb, from the Firſt Mark to a Second Mark. 

3. Ering this Second Mark to the Braſs Meridian, and the La- 
wude oft, is 44d. gom. the Latitude the Ship is in, and in the 
Equator the T,ongitude of it, is 3444. 15m. and by Subtraction, 


| tte Diflerence of Latitude is gd. 20m. and Difference of Longi- 


dude if, 124. 43m. But here you muſt note; 


That 


1 i 
4.4 
1 
14 
Þ : 
1 
1 
"4 
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Thot, the Diſtance failed intirely taken, and laid on de 


Rumb, is the Diſtance of the Arch in a Great Circle, and ny 
really in the Rumb ; for the Diſtance in the Great Circle; 
always leſs than the. Diftance in the Rumb : Wherefore, the 
better Way will be, to take 1, 2, 3, (or ſome ſmall Number 
of) Degrees of the Equator ; and run that Diſtance (in ihe Com- 
paſſes) over upon the Rumb Line, from the Firſt Mark to the &. 
cond ; and in ſo doing, the Diſtance is more truly laid, than by 
n anne 9745 5 . 


Problem 7. Both Latitudes and Courſe given; to find the 
Dijtante, and Difference of Longitude. 
The Rule. 1. Turn the Body of the Globe till the given 
Rumb doth cut the Braſs Meridian in the Latitude you depir 
from, and there make a Mark on the Rumb, and at the {me 
Time, fee what Degree of the Equator is cut by the Meridian; 

for that is the Longitude of this Marx. 

2. Turn the Body of the Globe till the ſame Rumb cut 
the Meridian in the Latitude of the fecond Place, and there 
make another Mark on the Rumb ; then ſee what Degree of the 
Equator is cut by the Meridian, which is the Longitude of the 
Second Mark; and the leſs Longitude ſubtracted from the great- 
er, gives the Difference of Longitude required. : 

3. The Diſtance between the two Marks on the Rumb-Line, 
being meaſured (according to the Note in the laſt Problem) on 
the Equator, gives the Diſtance of the two Places. 

Example. IF a Ship fails S W. by W. from the Lizard, "i 


by Obſervation fhe is in Latitnde 44d. om. North; I «email | 


her cops failed, and what Longitude ſbe is in? 

1. Bring the S. W. by W. Rumb to cut the Meridian in $0 
Degrees, the Lizard's Latitude, and make a Mark on thit 
KRumb there, then the Meridian cuts the Equitor in 337 De- 

grees, the Longitude of that Mark. 5 
2. Turning the Globe *till the S. W. by W. Rumb cuts the 

Meridian in 44d. gom. the Latitude of the Second Place, 2nd 
making there a Mark on the Rumb z then the Meridian cur 
the Equator in 344d. 1gm. the Longitude of the Second Mark : 
And therefore the Difference of Longitude, is 12d. 45m Weſt, 
which being ſubtiacted from the Longitude of the £124" 
3 oom. the Remainder is 07d. 15m. the Longitude che 
Ship is in. | 
3. Take 2 Degrees from the Equator, and run ove — 
Diſtance in the Compaſſes upon the Rumb, from et 1 
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* 


Mack to the Second; and *tis five Times, which is rod. or 
200 Leagues, the Diſtance ſailed on that Rumb. 


Proble om 8. Hi the Latitude, and Longitude the Ship is in 
gen; to find the Place where the Ship is in, on the Globe. 


7 55 "lk 1. Bring the Longitude to the Braſs Meridian, 
and there ſtay the Body of the Globe, 

. Where the given Latitude cuts the Globe, make a Mark 
an the Body of the Globe, which Mark is the Place of the Ship 
at that Time. 

. ample. If @ Ship fail from the Lizard, and after fome Time 


i, T aiitude 44d. 5om. and Longitude gd. 45m. 1 demand 


the | Place of the Ship, on the Globe? 


t. Bring od. 45m. on the Equator to the Bra Meridian, 


and there ftay the Globe. 
2. fuſt under 44d. gom. on the Braſs Meridian, make a 


Mak on the Body of the Globe, and that is the Place of the 


Ship at that Time. 
Section UI. The Dejeiprim of the Oele Globe. 


E Celeſtial Globe repreſents that Glorious Ger fo 
ric hly embroider'd and beſet with thoſe Sparkling Diamonds, 
that upon: the Dusky Cheeks of the Night hang as rich Jewels 


in an  Ethiopean' 8 Lu ; having upon its Convexity artificially 
placed all the Stars, correſpondent to their Natural Situation 


n. 


2. The e Appur tenances 9 to this” are the ſune with 
thole belonging to the Terrefrial' Globe; and being before de- 
ſcribed Section t. of this Chapter, I refer you to it. 

3. Un the Body of the Globe, beſides the Conftellations, 
there drawn divers Circles; as the Eguinoftiat, Ecliptic, 
Coles, Meridians, and Circles of Longitude All theſe are 
lied treat Circles. The lefler ( ircles are the Tropics, Polar 
Circles . and Parallels of Declination. 


* Equinoftial in this, is the fame with the Fo quator in 


EE, 7 ng ial Globe, and in the fame Manner divided; and 


aumbe:' from the Left-hand towards the Right, with 10, 20, 
| 36, Vs. to 360 Degrees. 


The of the Equinef#ial are alſo called the Poles of the 


are repreſented by the two Wires on which the Body 
be turneth. 


Ie 
oi de 


; | 2 5 The 


in the Concavity of that Ord, which we call the Starry  Hea- 
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5. The Ecliptic, is a Great Circle which croſſeth the Equi. 
noctial in two oppoſite Points, the Beginning of Aries, and 
Libra ; *tis divided into twelve {equal Parts called) Signs, 
which containing 30 Degrees, and figured from the Left- hand 
towards the Right, 10, 11 then 10, 20, 30, Cc. having 
the Figure, Character, and Name of each Sign, as followeth; 


Aries Y N Libra 1 

Taurus 8 5 Scorpio / aha 
Gemiu i & Northern Signs Sagittarius 2 Southern Signs 
2 & (_. 1 2 f 
NN quarins N 

Virgo WR Piſces X 


This Circle with its Figures and Characters, are on hot 
Globes; but the Cœleſtial hath the Images and Names of the 
Signs, Which the Terreſtrial hath not. N 


Under this Circle the Sun moves in his Annual Courſe ; but 


the reſt of the Planets have their Deviations from it; for which 
Reaſon AMronomers aſſigned Eight Degrees on each Side the 
Ecliptic, making the whole Latitude to be x6 Degrees, which 
Bread » called the M tte es 
The Zadiac, is not drawn on the Globe, only imagined by 
two Circles parallel to the Ecliptic, at Eight Degrees Diſtance 
from it on each Side thereof. 8 | 
The Poles of the Ecliptic, are two oppoſite Points, each 
| 23d, 3om. diſtant from it's correſpondent Pole of the Har- 
There the Circles of Longitude meet, and near it is writ Pots 
£:liptice. e . | 
6. The Meridians are the fame as before on the Terri! 

Globe, only with this Difference, on this they are drawn throug! 
every 3oth Degree of the Equinoctial, on that through every 


2 % 


15th Degree of the Equator ; in both, they all mect in th 


Poles of the World. N 
7. The Colures, are two Meridians, cutting each other d 
Right Angles in the Poles of the World, dividing the Equl. 
noctial and Ecliptic into 4 equal Parts; the one palleth thro 
the Beginning of Aries and Libra, two Equinettia! S 
therefore called the Eguinoctial Colure; and on the Globe it 
divided into Degrees, numbred from the Equinoctial both Ways 
10, 20, 30, &c. ending in go at each Pole of the World: 
hath theſe Words near it, Colurus Eguinoctiorum. i 

The other paſſeth through the Beginning of Cancer and Cu- 


pries tis 


* 
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pricern, two Soltitial Signs, therefore called the Solſtitia! 


(le: This paſſeth through the Poles of the World, and 
Poles of the Ecliptic: Tis diſtinguiſh'd on the Globe by theſe 
Words, Colurus Solſtitiorum. 

8. The Horizon, is a Great Circle yy diſtant from the 
Jenith, and Nadir, cutting all Azimuth Circles at Right- 
Angles, and divideth the World into two equal Parts; the up- 
per and viſible Hemiſphere, and the lower and inviſible : *T'is 
reprefented the upper Side of the wooden Frame, on which 
i; 4 double Kalencar, of Months and Days, according to the 
Old and New Stile, with the Winds or Points of the Compaſs, 

and a Cirde of Signs with their Degrees. 


The Zenith and Nadir, are two Points diametrically oppo- 


ite, and are the Poles of the Horizon. The Zenith is the 
Fertical Print, or Point over Head: The Nadir is directly op- 
poſite thereto. 

. The Azimuths, or Vertical Circles, are Great Circles in- 
terlecting each other in the Zenith and Nadir, and cutting the 
Horizon at Right Angles : Theſe Circles are not drawn on the 


body of the Globe, but are repreſented by the Quadrant of Al- 


titude, when ' tis ſerew's i in the Zenith. 


10. Circles of Longitude, are Great Circles interſecting each 


"er in the Poles of the Ecliptic, and cut it at Right-Anglcs : : 
Theſe «re repteſented by the Quadrant of Altitude when it is 
icew'd over the Poles of the Ecliptic ; and on the Body of 
ſome G! bes, 12 of theſe Circles are drawn, paſſing through 
!he Beginning, of the Twelve Signs. 

Thus much for the Great Circles. 


1 Deſeridtion of the Lefs Circles, 
Leſs or Small Circles, are thoſe which divide the Globe 
to 1G Unequal Parts, and are parallel to ſome Great Cir- 
Ce, therefore called Parallel Circles, and are of three Kinds, 


wr, Parallels of Declin ration, Parallels of Altitude, and Pa- 


Fallets ot Fatitude, 


It. Parallels of Detlination, are parallel to the Equinoc- 


tal, imaę ned to paſs through every Degree and Minute of 
the Merian, between the Equinoctial and each Pole of the 


orld ; and are the ſame with the Parallels of Latitude on the 
Terreflrial Globe, 


The 7 r»ics and Polar Circles, are Parallels of Declina- 
on, ang the fame as before in the Deſcription of the Terre/t rial 


ebe, 
75 1. 3 12. Alni- 


*, AL; . : 1 . P 
— n et „ 4 . "Haas 4 
u of CE Co ks, 4 — - 4 


vo abi ˖ ˙· ENU ⁹ Iona we ane 6 
* * G 
—— 


— . ER LEES 
8 N - ah 8 FI" "IE 


SS. + os ds eas eee FN. 7 | 54'S DE , . r ae N * CEO OATS . * i 12 * Ode » *% at 7. ano 20 err 5 . 8 3 a 


9 s 
* 
* 


165 Deſcripticg of the Caæleſtial Globe. Chap. M. 
12. Aimicantert, or Parallels af Altitude, are parallel to the 
Horizon, imagin'd to paſs thro* every Degree and Minute of 
the Meridian of a Place, between the Horizon and the Zenith; 
of that Place : Theſe are deſcribed by the - Diviſions on the 
Quadrant of Altitude in it's Motion about the Body of the 
Globe, when it is ſcrew'd in the Zenith of any Place. 
13. Parallels of Latitude, are ſmall. Circles parallel to die 
Ecliptic, imagin'd to paſs through every Degree and Minute of 
the Colures, between the Ecliptic and the Poles thereof : Theſe 
are repreſented by the Diviſions of the Quadrant of Altitude in 
it's Motion round the Body of the Globe, when it is crew 
over the Poles of the Ecliptic. 

Having deſcribed the imaginary Circles of the Celeftial Ghibe, 
we proceed now to the Deſcription of the Stars, thoſe olorivu 
Diamonds, ſparkling in the immenſe Expanſion of the Firmz- 
ment, encircling the Terreftrial Orb at unmeaſurable Diſtance, 
which for Multitude ſeem innumerable, yet the greateſt and 
more viſible may be number'd, and nam'd : And tor this 
Purpoſe Aftronomers (for Order, and Method-Sake) have 
reduced many Stars into. one Image, or Conſtellation, the better 
to know where to ſeek them; and being found, how to ex- 
preſs them. 

14. The Number of Confeallations now drawn on the Body 
of tho Cœleſtiai Globe, are bb, and are as followeth. 


- The Northern Con en 23, Viz, 


ö Stars 1 -.. a 
| 1. Urſa Aint o | 12. Auriga — 
4 2. Urſa Major. — 33 13. Serpentarius 23 
| 3. Draco eee, 14. Serpen——14 
4. Cepbeus nnn_— 11 15. Sag itta — þ 

5. Bootes — 22 16. 1 

6. Corona dra 8 | 17. Antinous —̃ 

7. Hercules T.— 30 | 18. Delphinus ————10 

8. Iyra- — 10 | 19. Eguuleus — 

9. Olon, or Cygnus — Faq Pegaſus ———— 3 

10. Caffiopeia —————23 21. Andromeda —— — 23 

tr. Perſeus,” and Caput 0 Triangulum ——— 3 

Medi nt + / 23. Coma Beronices———! ö 


— — — 


In all 383 
The 


ernennen 
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The Zodtacal Conſtellations are 12, VIS. 


Scars} Stars | 
| 9. 7 ms — 16 7. Lira —.— ID 
J 2. 747 —— 32 8. 8607 pU en nn 26 
d 4. Gemini - — 249. Sagittarius — — 29 | 
; . Cancer 1610. Capricornus— — 21 19 
5. 1 — —— 33. Ahhbẽus . 34 48 
; 6 9 — —— 3912. Piſces ————_—— 34 1 
f Fe . | — ernment \ E, 
| In all 314 1 
The Southern Couſtellations are 30, vix. PD. || 
Stars Stars 1% 
6 261. Columbus — 10 1 
2. 06% Ä <= 39 18. P. Aurinu. . IT 
2. Flumen Eridanus — 43 19. Grus — 13 
4. Lb ̃ 13] 20. Phanx- —_—_— Iz 
5. CO FRAJOF — — 13121. Iadus 12 
6. Cons minor, or Canicula 2 22. P —156 
7. Hrg0 Navi. — 42 23. Avis Indica, Touchan— 7 
5. Robur Carolinum —— 11 24. Abus uc. 3 
9. 4 —— 2725. Cham len 10 
10. Crater —— 8 26. Tiangulum Ara — 5 
11 i — — 7 27. Piſcts Volau—— 7 
* (en t H 3028. DE ; 
1% Lupus — 22 | 29. Apous, Anſer Amer icanus 19 
14% Cfcſere, or the Craſiers 5 | 30. Hydra, Serpensduſtrina 10 
15. , or the Altar — 8 3 — 
ib, Corona Auſtrina. 10 15 In all 439 


The Sixty Sixth Conſtellation (lying near Ur/a major ) was 
added by Sir Charles Scarborough, and called Cor Careli; being: 
one Star in a crawned Heart, and compleats a Catalogue of 
1137 tec Stars as above: But this Number is now largely 
tncren's by the Obſervations of our modern Aſtronomers, as 
may ve ſcen in the Flamſtecdian Catalogue, which contains 
our 3500, forming ſeveral new Aſteriſms, and are diſtin- 
guilned. into Six Degrees of Magnitude or Bigneſs. The 
biggelt, ind brighteſt are called Stars of the Fixſt Magnitude; 
thoſe n-xt interior in Bigneſs and Brightneſs, are Stars of the 
Second Maguitude, &c, unto: Stars F the Sixth Magnitude. 


Bo Theſe cocral Magnitudes are expreſſed on the Globe in ſeveral 
ATA. 0 * . „ * * J 

303 pes 42 may be ſeen in a little Table placed on the Globe, 

The me och Stellarum Magnitudines. 


L 4. Sect. IV. 
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Section IV. The Ujz of the Cœ leſtial Globe. 

B Efore werking any Problem on this Globe, I hold it neceſ. 
fary to explain ſeveral Words of Art uſed in Aftronomy and 
Geography, and are in theſc following Definitions. 1 

1. Altitude, is an Arch of an Azimuth Circle, contained be. 
tween the Horizon and any Parallel of Altitude. Tis counted! 
on the Braſs Quadrant of Altitude, which repreſents any Azi- 
muth Circle on the Globe. | | 

2. Aſcenſion, is the Riling of the Sun or Star, or any Part of 
the Eguinoctial above the Horizon : And Deſcenſion is the Sei. 
ding thereof, we OR FAG 7 

3. Right Aſcenſion, is an Arch of the Equinottia!, intercepted | 
between the Beginning of Aries and any Meridian, and counted 
according to the Order, and Succeſſion of the Signs: Or, 'ti 
that Degree and Minute of the Equinoctial, (counted as before) 
which cometh to the Meridian with the Sun, Star, or with any 
Point of the Heavens. e 
4. Oblique Aſcenſion, is that Degree and Minute of the 
EquinoCtial, counted as before) which riſeth with the Center 
of the Sun, or Star, or with any Point of the Heavens: And 
Oblique Deſcenſion is the Setting thereof. 
$5. Aſeenſional Difference, is the Difference between the 
Right and Oblique Aſtenſton, or Deſcen/ion ; Or, iv is the Space 
of Fime the Sun Riſeth, or Setteth before, or after Six of th: 

| Clock. „ . . 
6. Amplitude, is an Arch of the Horizon cormprehended be- 

tween the true Eaſt and Weſt Points of it, and the Center oſ 
the Sun, or Star, at their Riſing, or Setting. | 

7. Azimulb, is an Areb of the Horizon contained between 
the Meridian of the Place, and any other Azimuth Circle : 0! 
2 between the Frime Vertical, and any other Azimuth 

ircle. e 

8. Dedlination, is in Arch of a Meridian, comprehended be- 
tween the Equinoctial, and the Center of the Sun, or Stor, olf 
any Point of the Heavens: It is North Declination on the 
North Side of the Equinoctial, but South Deolination when on 
the South Side thereof. And is counted on the Braſs Meridian 
on the Globe, and on the Equinoctial Colure. 
9. Huf of the Day, er Night, is an Arch of the Equinoc. 
tial, contained betwecn the Meridian of the Place, and an- 
ther Meridian paſſing through the Center of the Sun at 4 
Time. This is counted on the Braſs Hour Circle, _— 
ivide 


Sekt. IV. The Uſe of the Cellial Globe. 169 
divided into the 24 Hours of the Day, and Night; and hath a 


irtle Bras Index pointing to them as the Globe is turned about: 


Or it is counted on the Equinoctial, Reckoning x 5d. to an Hour. 
10. Latitude of a Star, is an Arch of a Circle of Longitude, 
Contain -1 between the Ecliptic and the Star's Center: This 


count ed on the Braſs Quadrant of Altitude, when ſcrew'd 
over the Pole of the Lehne, for then it repreſents a Cirele of 


_— de. 


1 of the Meridian of that Place, contained between the 
Equator and that Place: Equal to which, is the Height of the 


Pole (of the World) above the Horizon. This is counted on 
the Braſs Meridian of the Globe: Or it may be counted on the 


graduated Meridian on the Body of the Globe. 
80 that Latitude in the Heavens, and Latitude on the E arth, 
are different Things: one being an Arch of a Circle of Longi- 


tude, and applicahle to the Planets (except the Sun, who hath 


no Latitud e) and Stars: The other an Arch of a Meridian and 
applicable to Places on the Zarth. 


12, Longitude in the Heavens, is an Arch of the Ecliptic, 


comprehended between the Beginning of Aries, and that Circle 


of Longitude which paſſeth through the Center of the Sun, Stat, 
or any Point of the Heavens, and counted according to the 
gucceſton of the Signs. 

14. The Place of the Sun or a Star, with reſdet to the 


Ee liptic, is the Sign, (and Degree, and Minute of that Sign) 


the Sun, or Star is in. 

14. Longitude of the Sun, or of à Star, F om the nearel 2E 
9117977;a! Point, is how many Degrees an 
or Star is from the Beginning of Aries, or Libra; either 
before, or after them; which can never be more than 180 De- 
 Prees, 


is. Zongirude on the Earth, is an Arch of the Equator com- 


pretie: "ded detween the Meridian of any Place, and that Meri» 


4an dere Longitude takes its Beginning, 
$ 1 trat Longitude in the Heavens, and Longitude 6 on the Earth 


are v. iy different ; One being an Arch of the Ecliptic, the other 


an Arc of the Equator. 


Meridian of a Place, is that Meridian which paſſeth over 


the Zenith of that Place; to which when the Sun cometh, tis 
eher! n or Midnight: At the Firſt, he is at his higheſt 
4\"\tuwi- 1bove the Horizon; and at the Laſt, he is at the 
eyes * 1 $i welten for that Day. 


Latitude of a Place, or 'Latitude upon the Earth, is an 


Minutes, the Sun 
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In like manner, any Star coming to the Meridian of an 
Place, is then at the higheſt Altitude, or loweſt Depreflion. 


Theſe Things being well conſider'd, the following Problem; 
will be the better underſtood, 


Problem . The Day of the Month given ; to find the Sun, 
Place in the Ecliptic. 

De Rule. 1. Seek the Day of the Month, (in either Account 
according to the Julian or Gregorian, a5 you find them placed 
in the Kalendar) on the upper Side of the Horizon. 5 

2. Right againſt it, in the innermoſt Circle, is the Sign, De- 
gree, and Minute, the Sun ſhall be in that Day at Noon. 


Example. The 8th Day of January in the Julian, er 19h ir 
the Gregorian Account, { demand the Sun's Place in the 
2E cliptic. 

Right againſt the 8th of Januar, in the Julian Kalendar, iv 
me Circle next within it, is 29 Degrees of Capricorn, in which 
Sign and Degree the Sun will be on the Sth of Fanuary. 

In like manner his Place for February the 1 Sth, is yd. zom. 

| in F#/ces. | 2 


Hoblem 10. How ts —_ he Globe for any Latitude, aud 
i to make it fit for Uſe, at any given Time. 


The Rule. 1. The Globe being placed in. the Frame, by put. 

ting the Braſs Meridian into the two Notches, that are in ti: 
North and South Parts of the Horizon, ſo that the graduats! 
Side thereof be towards the Eaſt, and it reſts in the Notch, 
that is in the Bottom of the Frame: Move the faid Meridian 
higher or lower, *till the given Latitude in it doth juſt touch the 
upper Part of the Horizon, on the North Side thereof, if Not 
Latitude, but the South Side, when South Latitude. 

2. Place the Braſs Hour Circle about the Pole, fo that tht 
Hours of 12 and 12 lie directly over the graduated Side of the 
Braſs Meridian ; and put the little Index on the Axis, fo. that 
it may move about as you turn the Globe; then doth the up- 
per 12 on the Hour Circle repreſent 12 at Noon, and the oel, 
12 at Midnight; and all the other Figures, Welpen 
Hours of the Day and Night. 

3. By Problem g. F ind the Sun's Place according 10 the 
given Time ; ; then ſeek the Sun's Place in the Ecliptic, on the 
Body of the Globe, and bring that Degree to the Braſs M eridian 3 
there ſtay the Cone: and then turn the litile Index 't! i 
points juſt at the upper 12 in the Hour Circle. Thi 
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Thus is the Globe rectify'd to the given Latitude, and the 


Hour n and Index to the given Tir. 


oy Globe 22 d fit for Uſe f 

Move the Braſs Meridian *till 110. n on it, rh 
the Nor! + Part of the Horizon. 

. By Problem 9. The Sun's Place is 6d. zom. in Piſces; 
105 being found in the Ecliptic on the Globe, bring it to the 
Pr1ſ Meridian, and there ſtaying the Globe, turn the little 
Index to the upper 12 in the Hour Circls ; ; and there let it ſo, 
that it may move with the Globe, and *tis wore: | 


Problem 11. 7 be Day of the Mouth given; 70 find the Sus; 
Declination. 
The Rel . 1, By Problem 9. Find the Sun's Place in the 
Ecliptic 
2. Bring the Sun's Place (in the Ecliptic on the Globe) to 
the Braſs Meridian, on which, and right over the Sun's Place 


is his Declinatian required. 


Example. The x 4th * 5 ebruary ; ; 1 ap re to know the Sun's 


In 1919. 


The Sun's Place in the Eclipric, for the 14th of Febr nk 


10 ound by Problem 9.) is 6d. 3om in Piſtes. 

2. Bring 6d. 30m. in Piſces (in the Ecliptic on the Globe) 
to the Bras Meridian, and then right over it (on the Braſs Me- 
ridan) is od. TOM. which is the Sun's Declination, South De- 
creafine, Or thus, 


„ With a Pair of Compaſſes take the neareſt Diſtance from 


dhe Sun'g Flace in the Ecliptic 6d. 30m. in Piſces, to the Equi- 
portal on the Globe. 


2. Meaſure that Diſtance on the Equinodtial Colure, and it 5 


ſeweth the Declination gd. tom. as hefore. 


Problem 12. The Day 0 the Month given; to find the Sun's 
1255 ight Aſcenſion. 
IN + Rule. 1. As before, find the Sun's Place in the Eclip- 
„ by Pr oblem g 

| 2, Bring the Sun $ Place (as directed in Problem 11.) to the 
is Meridian; look what Degree of the Equinoctial is cut by 
, and that is the Sun's Right Aſcenſion required. 

25 angle The 140 of February; 1 demand the Sun's Right 
"og en . © 

I. The 14th of February, his Place in the Ecliptic is 6d. 
Jom. in Piſces, by Problem 9. 2. His 
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2. His Place of 6d. zom. of Piſces, being brought to the 


Braſs-Meridian, it cuts the EquinoCtiat in 338d. 15m. the Sur; 
Right Aſcenſion, | „ 


Problem 13. The Latitude of a Place, and the Day of ile 
Mauth given ; to find the Time of the Sun's Riſing, Sitting, 
, Tooting 
The Rule. 1. Rectify the Globe (by Probem rotb, fit for 

Uſe) according to the given Latitude, and given Time. 

2. Bring the Sun's Place (in the Ecliptic on the Globe) 
daun to the Horizon on the Eaſt Side thereot, and then the 
little Index will point to the Sun's Riſing in the Hour Circle; 
and the Body of the Globe ſtayed there, look what Degree of 
the Horizon (counted from the Eaſt Point thereof) ſtandeth 
right againſt his Place (in the Ecliptic on the Globe) that is the 
Sun's Amplitude at his Riſing. „ 5 | 

In like manner, turn the Globe *till you bring the Sur's 
Place to lie even with the Weſt Side of the Horizon, ſtay- 
ing the Body of the Globe there; then will the index point 
to his Setting, and againſt his Place on the Globe ſtandeth 
his Amplitude, (on the Horizon) counted from the Weſt Pain. 
ER Ak e Pg 
Example. The r 4th of February at London: I demand it 
Time of the Sun's Riſing and Setting, and his Amplitude? 

1. The Globe being Rectified to the Latitude of 5 1d. 32m. 
and the Hour Index to 6d. gom. of Piſces, then tis Rectitied 
to the given Latitude, and given Time. 

2. Bring od. 3om. of Piſces, to the Eaſt Side of the Horizon, 
and ſtaying the Globe there, the Index points 10 6 Hours 1 
that is, J after 6 is the Sun's Riſing: And againſt Gd. zom. of 


Piſces, is 14d. 35m. on the Horizon, (from the Eaſt towards ti: = 


South) which is the Sun's Amplitude at Riſing. - 125 

In like manner, turn the Globe 'til you bring 6d. zom. 
ol Piſces, on the Weſt Side of the Horizon, and the Index powe 
to after 5, which is the Sun's Setting; and in the Horn 
you have his Amplitude (the fame as before) 14% 35m. 
from the Weſt (towards the South) which is the Sun's Amplt 
tude at Setting, e 


Problem 14. The Latitude of a Place, and the Day of che Mont 
given ; to find the Sun's Oblique Aſcenſton, and Deſcenſ n ; 
The Rule. 1. Rectify the Globe to the given Latitude, an 

find the Sun's Place in che Ecliptic for the given Time. 


2. Bring 
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. 2. Bring the Sun's Place in the Eliptic on the Globe, ts 
e the Eaſt Side of the Horizon, and then fee what Degree of 
' W tc Equinoctial is cut by the Horfzon, and that is the Sun's 
Oblique Afſcention. 
| 2, Jn like manner bring the Sun's place in the Ecliptic to 
0 he Weſt Side of the Horizon, and it ſheweth his Oblique De- 
55 ſcenſion. 
Example. The 14th of February at Lads > I demand the 
or %% Odligue Aſcenfion and Deſcenſion ? 
1. Rectify the Globe to the given Latitude g1d. 32m. ac- 
( 1 to Problem 10. 


i WW 2. kung 6d. zom. of Piſce? (the Sun's Place for the r4th of 


3 Rb. ) to the Eaſt Side of the Horizon, and then it cuts 


we EquinoCtial in 349d. 5om. Which! Is the Sun's on Af 


th cenſion. 

le 3. Bring 6d. 30m. of Piſces to the Weſt Side of the Hotizoli, 
i th the EquinoCtial i in 326d. zom. whichis the Sun's Oblique 

's Deſcenſion. | 

* Prob. 1 f. The Latitude of a Place, and Day of the Month given; 

al e find the Sun's Altitude, and Azimuth at any Time of the Day. 

th The Rule. I. Rectify the Globe and Hour-Index, as before 

N in Problem 10. 


2. Screw the Quadrani of Altitude in the Zenith ; which 1 
10 l ReCtiſying the Quadrant of Altitude to the Latitude of the 


| Place, 


n. 3. Turn the Globe till che Index point to the giver Hour 


ed of the Day, and there ſtay the Globe, 
4. Nove the Quadrant of Altitude, till the graduated Edge 
n, of it he juſt on the Sun's Place in the Ecliptic on the Globe, 


1 . 2nd th lere ty if. | 


of 5. Look what Degree on the Quadcine of Altitude, is again 


tne me Sun's Place, and that is the Sun's Altitude, 
6. Look what Degree of the Horizon is cut by the Graduated 


m. Idge of the Quadrant of Altitude, counted from the North, * 


nts from the South, and that is the Sun's Azimuth. 

on Example. 4t London the 17th of Jane, at 6 of the Clark i in 
m. the Fare; demand the Su s Altitude, and Azimuth £ LN 
pl | 1. The Globe being ReCtified (by Problem x0.) tum it about 


1 tha Hour Index points to 6 in the b and there ſtay 
the Body of the Globe. 


2. Screw the Quadrant of Altitude on $14. 32m. (on the 


the Eq. tial. N 
Vie > 


Braſs Mie: dian) which is the Zenith, or Lenden' $ Baa from 
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Note; In ſcrewing the Quadrant of Altitude on the Buß 
Meridian, you muſt put the Screw-Side of the Notch on h. 
Back-fide thereof, and put it claſe down } fo cloſe to it that 
the thin Plate may be as near the Body of the Globe as noi 
you can; yet ſo, as not to obſtruct it's moving. 2 
Alſo mind that you ſet the floped Edge of the Notch to th 
Latitude of the given Place. 5 EY 
3. Bring the graduated Edge of the Juadrani of Altitude, 0 
Gd. 1om. of S, the Sun's Place (for June the 17th) in th 
Ecliptic, and then on the Quadrant of Altitude (againſt It 
is 18d. zom. his Altitude at 6 of the Clock: WET, 
4. And the Quadrant of Altitude cuts the Horizon, in 1044, 
gom. from the South Eaftward, which is the Sun's Azimuth 
at the ſame Time. 1 


Problem 16. The Latitude f a Place, the Day of the Ment), 
and Sun's Altitude given ; to find his Azimuth, and Hour if 
. 5 95 a 
The Rule. 1. Rectify the Globe, Hour-Tndex, and Duadrar: 

of Altitude, as before. YO WEFCgs + Y 
2. Turn the Body of the Globe, and move the Quadrat 

of Altitude, till you bring the Sun's Place in the Ecliptic 

to = juſt under his Altitude on the Quadrant; there ſtay them 
3. Then will the Graduated Edge of the Quadrant point 
out the Azimuth, in the Horizon from the North, or South; 
and the Index ſheweth the Hour of the Day, 

Example. A? Barbadoes the 14th of February, in the Horte, 

the Sun's Altitude being 20d. I demand bis Azimith, an 

. Hour of the Day ??. 


1. The Globe being Rectifed to the Latitude of Barbad, 
13d. 2pm. alſo the Hour Index to 6d. 3om. of he, the Suns 
Place for the 14th of February, and the Quadrant of Altitude 
fcrewed in the Zenith. . „ 
2. Then move the Globe and Quadrant of Altitude, til 
you bring 30 Degrees on the latter to lie juſt over Gd. 30m. © 
e in the Ecliptic, and there ftay them both, _ 5 
3. Then doth the Quadrant of Altitude lie right againſt 726 
un the Horizon, from the South towards the Eaſt, the Sen 
Azimuth, which is almoſt E. S. E. half —. 
4. And then the Hour Index points to 8 Hours three quartets 


that Is, 45m. after 8 of the Clock in the Morning. probten 
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Problem 17. The Latitude of 4 Pla the Da 5 of the Month, 
nl Sus Azimuth given; te find his Altitude, and Heur of 
the Day. 

The Rule. 1. Rectify the Globe, Hour Index, and Quadrant 

t- of Altitude, as before. 

Turn the Quadrant of Altitude, to the given Azimuth, in 
the "a orizon, and there ſtay it. 

z. Tien bring the Sun's Place in the Ecliptic (keeping 
the Quadrant of Altitude fixed) to the graduated Edge there- 
of, (which is alſo before ſet to his given Azimuth); and ſtay 
the The there. 

Then doth the Ecliptic cut the Quadrant in a 


8 Altitude, and the Index ſheweth the Hour of the Pay 
required. 


Example. 4. Barbadoes, the 14th of February, the aun. . 
Azimuth in the Afternoon, being WSW. I W. or 73d. zm. South 
Weſterly ; J demand his Altitude and Hour of the Day ? 

Arſib. Obſerving the aforeſaid Directions, and turning the 
Globe, nd Quadrant of Altitude towards the Weſt, you will 
find the Sun's Altitude to be god. and the Hour of the Day 
15m. after 3 in the Afternoon. 


problem 18. The Latitude of 4 ed the Sur s Altitude, 


and zamuth given; to find his Place i in the. Ecliptic, and 
Hour of the Day. 


The Rule, t. Rectify the Globe to the Latitude, and ſcrew 
the Quadrant of Altitude to the Zenith. , 
2. Turn the graduated Edge of the Quadrant of Altitude tv : { 
the given Azimuth, in the Horizon, and there ſtay it. | | 
3. Tum the Body of the Globe (without ftirring the _— q 
Sant out of it's Place) 'till the Eclptic cut the Quadrant | Wake 2 
given Altitude; which will then cut the Ecliptic | in the Sun; . I 
Place required. \ 428 
4. Ihen turn the Sun's Place to the Brass Meridian, and 
Kectify the Hour Index to 12. A 
5. Turn back the Sun's Place to the graduated Eige of the 
Quadrant (it being in the fame Place; that is, at the given ." 3 
*\zimuti: as before) and then the Index will ſhew the Hour of li 
the Day re quired. | i 
Note; in turning the Globe according to the third. Step i in 
tis Rule, the given Altitude in the Quadrant will cut the 
"ou 
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Ecliptic into two ſeveral Signs, and yet the Hour of the br 
ſought by the Fourth Step, will be the fame ; ſo that unleſs the 
Month be given, the Sun's Place cannot be determin'd. 
Example. At London, the 5th of October, the Sun's Aliud 

Being 20d. and his Azimuth S E. or 45d. S. Eaſterly: 7 demand 
bis Place in the Ecliptic, and the Hour of the Day? | 
Auſioer. The Sun's Place is 23d. 3om. in Libra, and 'tis im. 
after 9 in the Morning, the 5th of October at London : Allo the 
Sun's Altitude and Azimuth being the fame, his Place may be 64, 
Jom. in Piſces, and the Hour the fame, the 14th of February, 
Nite, All theſe Problems may be wrought, having the Sun's 
Declination given, inſtead of the Day of the Month, which 
may be ſeen in the next Problem. LS: OR 


Problem 19. The Latitude of a Place, the Declination, an! 
Altitude of the Sun given ; to find his Azimuth, and Hour if 
the Day? V by 

The Rule. 1. Rectify the Globe to the given Latitude, and 

the hy ap to the Zenith as before. ö 

2. Bring the Equinoctial Colure to the Braſs Meridian, and 
then ſet the Hour Index to the upper 12; which is Kectihing 
the Globe when the Declination is given. 

3. Move beth Globe, and Quadrant of Altitude, 'till the given 
Altitude on the latter meet with the given Declination in tie 
Equinoctial Colure on the former, and there ſtay them both. 
4. Then doth the Quadrant cut the Horizon in the Sun's 
Azimuth, and the Index ſheweth the Hour of the Day requue. 
Alſo, at the the fame Time, the Braſs! Meridian cuts the Eq. 

noctial in ſo many Degrees, counting from the Colure, allowing 

15d. to an Hour) as the required Hour of the Day is, either 

before, or after Noon. 0 a 

Example. A. London, The Sun's Declination being 15 des, 

North, and his Altitude 19d. 3om. in the Morning : I demand 

his Azimuth, and Hur of the Day? . 

An ſio. The Sun is Eaſt, and the Hour g am. after 6 o Clock. 
or 77d. of the Equinoctial are intercepted between the Equl. 

noctia Colure and Braſs Meridian; which makes Sh. Sm. from 


Noon, at which Time the Sun is Weſt in the Afternoon. 

In like manner may any of the preceding Problems be wrouglt, 
obſerving theſe following General Diredtionss. 
1. Count the Latitude on the Braſs Meridian. 3 
2. The Declination on the Colure from the Equinodtial 

either Northward or Southward, according to its Name. 


4. Ti 


3. The Altitude on the Quadrant of Altitude. 


tial 


| Rug = p 
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4 The Azimuth on the Horizon, from the Braſs Meridian 


to the Quadrant of Altitude, 


from the Equinoctial Colure to the Braſs Meridian. 

Ther :nvig any Three of theſe five given, the other two 
be found, which I leave for the Learner's Exerciſe. 

os Al the foregoing Problems, may be wrought oh either 

Globe ; but the following only on the Cwleftial Globes 


MR —2 "WY 
* 


Problem 20. To find the Declination, and Right Afenfon dr 0 


any Fixed Star, 


Th Rule. 1. Bring the given Star to the Braſs Meridian, 
d cher“ tay the Globe. og ; 

2, Then the Center of the Star cuts the Braſs Meridian in 
it's Declination, counted from the . either Northward, 
Ov _ 


And the Braſs Meridian cuts the Equinoctial in it's Right 


Abenlon, counted from the Beginning of Aries, according to 
| the Succe if on of the Signs. 4 


a: 


Pampe demand the Right Aſcenſion, and Declination of 


Aldebaran, , Oculus Tauri, the Bulls Eye ? 


Anfiver, Fed e to the DireCtigns above, you will find it's 
Right Aſcenſion 63d, 0 zm. and it's Veclination near 1 ;d. 5 sm. 


| North, 


me 21, Te find the 8 and Longitude of a Star, 
Rule. 1. Bring the Solſtitial Colure to the Braſs Meridian, 
t the be Pole of the Eeliptic on the Globe may be juſt under. 23d. 
zom. on the ſaid Meridian, and there fix the Body of the Globe. 
E Scree the Quadrant of Altitude juſt over the Pole of the 
chpt K. 
4. Bring the Graduated Edge of the ſaid Quadrant to the 
Center of e Star, and there ſtay it. 
„ bes the Star, cuts the Quadtant in it's Latitude, and we 
Valtarm guts the Ecliptic in it's Longitude. 


dare ! demand the Latitude, and Lingitude of Ar wok io 
Heer ehe fit Magnitude in the Conſtellation Bootes! 


Afr 


Ver This Star's Latitude is 20d. gym. North, and it's 
20d. 24m, in Libra, or 200d. 24m. from the Begin» 

and ſo for any other, as in the following Table. 
M Prob 


[ og Mc 


Aud rhe Hour (from Noon in Degrees) on the Equinoc- 
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Bulls Eye, Aldebaran\1 11 5.58} 5.328 85 15.56 NM 


| 
| Orion's right Shoulder r N 24.5 5 16.058 | 85.0; 7.10 N 
|} Great Dog, Syrius — I 25 10. 19 39.328 98.17 16.21 Y 

| 


I 1 

| Lyon's Heart, Regulus 1 

Foot of the Croſiers —|2 
. 
0 


| ArZurus in Bootes 5 fb 
i Bright Star of thel | 


— — D 0 TE; ght Bech 


* Stars Names. 8 \ tude. Latitude 72. Lion. 
= D.M. | IP. M. D. M 

| Poie-Star, 97 Nor th- = | 
Star — — [2] T 26.05{66.20N] og. o 87 2 T 
Laft in Eridanus, a HOES 185 
Alcarnar — I 10-55159-55S 21.15 58.85 9 
Thale's Jau, Cetus 28 10. 3012.378442. 02 O3. oo N 


— — 


Capella, or Auriga's| | | 
| left Shoulder —— f H 18.02|22.52N| 74.07} 45.41 N 
 Orion's left Foot, Regel|1 | N 13. 0003 f. 1o8 25.27 ob. 33 8 


' Little Dog, Procyon 1 S 409 ff. 588 111.1405. 54 N 
Hydra's Heart, Al- | 1 
7400 138.37] 7.298 


phard N 
26.01 foo. 37 NT 48. 20013. 17 N 
TR 


— 


08.08 52.458 183.05 61.31 9 
20.01 02.028 [197.44 09.43 8 
20.243 0.57 10.48 20.39 


 Virgin's Spike 


Harp, Lyra T W 11.27 [61r-46N[276.54] 3823 
South Fiſh, Pomelhaut r= 29.50 21 08 Be. 31215 


Problem 22. To find the Riſing, Setting, and Culminatio of 
4 Star, at any Time, in any Latitude, 


The Rile. 1. Rectity the Globe and Hour Index, 1 in 


Problem 10. 


2. Bring the Star (whofe Riſing vott would know) to the 
Eaſt Side of the Horizon, and then the Index will point to the 
Time of its Rifing : Alſo the Degree of the Hor. zon againſt the 
Star, is its Amplitude at Riſing. 
©. Bring the Star to the Braſs Meridian, ond the Index will 
ſhew the Time of its Culminating (or coming to the Meridian :) 
Alſo the Degree on the Braſs Meridian, contained from the 
Horizon to the Star, is its Meridian Altitude. 

4. Bring the Star to the Weſt Side of the Horizon, and then 
the Index will ſhew the Time of its Setting : Alſo gun tte 
Star, (on the Horizon) is its Amplitude at Setting, which ls 


ger che ſame Quantity as at Riſing. This 


. * 
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— This is ſo eaſy to perform, and ſo often dotie in the Problems 
* concerning the Sun, it needs no Example. 
| problem 23. To know at any Time wohat Stars are abous the 
F Horizon, either Riſing towards the Meridian, or falling from 
N it, tore their Setting 3 a3 alſo, what is their Latitude 
nd Ainiuth, 
d The Rule. I. Rectify the Globe, Hout Index; and Qua- 
N grant of Altitude, as debe, in Problem to. 
Ni 2. Tum the Globe till the Hour Index points to the given 
Time of the Day or Night ; ; and there ſtay the Globe. 
Ni Y Then obſerve what Stars are even 22 the Eaſt Side of 
9 #5 Horizon, thoſe are then riſing ; and all thoſe that are be- 
N tween the Horizon and the Eaſt Side of the Meridian, are riſen 
8 above th2 Horizon, and are rifing tqwards the Meridian. 
Nt Rs All thoſe Stars neat the Braſs Meridian, are then near 
| de Meridien of that Place; and thoſe at the Brafs Meridian, 
\ 80 aue then on the Meridian of that Place. 
N 5. If the Quadrant of Altitude be put to any Star, i it wil ſhew 
1 8 it's Altitude ac that Time and Place; and in the Horizon, the 
39 Quadrant ſhews it's Azimuth. 
N 6. All thoſe Stars on the Weſt Side of the Merida are fal 
| linz from it, towards their Setting; thoſe near the Horizon are 
3 Setting ; and thoſe below the Horizon ate Set. 
19 ſn a Word, let the Globe (by Help of a Magnetic Needle, 
or Compaſs, or otherwife) he ſet ſo, as the North point of it's 
* Horizon ma point to the true North in the Heavens, and 
the South. Point to the South; then imagine your Eye placed 
within the Globe at it's Center, and that the Globe were tran- 
as in ſpent or ſuppoſing a ſmall routd Hole through the Center 
r any Star, nom your Sight paſſing through it, will direct to 
0 the the Star in the Heavens, correſpondent to that on the Outſide 
to the i the Globe. 
ft the This being mathematically well confider'd, will make the 
25 of the Globes eaſy, and very much conduce to the Know- 
x wil ledge of the Stars, a Thing not a little neceſſary in * 
Jian i but 100 much negletted by moſt Mariners. 
v.”" Problem 24. To find the Hour of the Night by whe Altitude 
1 ther ee of a known Star. 
ot the IN 4. The Aule, r. Reftify the Globe, Hour Index, and Qua- 
* at of Altitude, as before, in Problem 10. 
| 2. Turn the Globe and Quadrant of Altitude 'cilt you bring 
Thi . bath it's given Altitude in the — and there ftay 


M 2 wy: 3: Then 
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3: Then will the Index ſhew the Hour required; and the 
Quadrant will cut the Horizon in the Star's Azimuth. 

Note; If the Star you obſerve ' be on the Laſt Side of the 
Merida, theft turn the Quadrant of Altitude on the Eaſt Side 
of the Braſs Meridian of the Globe: And if on the Weſt Side, 
turn the Quadrant alſo on the Weft Sides EE 


Example. At London, December the 12th, the Altitude of Re 
gulus, or the Lyon's Heart, being 25d. zom. Oriental, u 
on the Eaſt Side of the Meridian I demand the Hour if tit 

Might? | 8 
Auſev. According to the aforefaid Rule, the Hour is net 

zom, after 10 at Night, and the Star's Azimuth 784, zom. 

South Eaſterly, or Eaſt by South neareſt. 

So much for the Uſe of the Globes, which is gone fir be- 

yond it's firſt deſigned Limit, eccafioned by a eonftant Reſolution 

to be plain. Th 

And, by the way, Let me adviſe thoſe who have not Con- 

veniency for, nor Ability to purchaſe Globes, and yet would 

know the Stars, they may attain it with a pair of Hemiſpheres, | 
wherein are all the Conſtellations ; and each Star according to 
it's Longitude and Eatitude placed in them; ſuch are made of 
near 20 Inches in Diameter, to fold in a Book, like a Ser- 

Chart, in four Leaves: They are projected on tl. e Plain of the 

Ecliptic, or, as ſome ſay, on the Poles of the Ecliptic : 80 thi 

in one Hemiſphere (which is one Leaf) you have all the Conſtel. 

lations on the North Side of the Ecliptic, and in another all the 


Southern. 


The Poles of the Ecliptic, is the Center of each Hemiſphere, 
and the Margent going round them is the Ecliptic, being divided 
into the 12 Signs, and each Sign into 30 Degrees; each Degree 
being ſubdivided into Halves and Quarters : And Lines drawn 
from the Center (or Pole of the Ecliptic) to the Beginning of 
ACAD. ˙² Q 3 | 
On one of thoſe Lines are placed the Degrees of Latitude, 
and number'd from the Ecliptic with xo, 20, G.. to 90, % 
the Pole and Center of it. Ne e + 

By theſe Hemiſpheres any of the former Problems (wrougit 
on the Cœleſtial Globe) may be ſolved : As for Inſtance; 


To find the Lengitude, and Latitude of Star. 
The Rule. 1. Stretch out the Silk String (faſtencd in the 
Center for that Purpoſe) over the Center of the given dla, 
and it ſheweth, or cutteth the Star's Longitude in the 1 
2. WI 
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>, With a pair of Compaſſes, take the Diſtance from the 
Center of the Star to the Center of the Hemiſphere; lay that 
Ditznce on the Scale of Latitude from the Center of the Hemi- 


ſphere, and it will ſhew the Latitude required.- 


Example. The Foot of the Croſiers, @ Star of the Find Mag- 
nitude in the Southern Hemiſphere, between Robur Carolinum, 
2% Centaurus: I demand it's Latitude and Longitude? 
. Lying the hke Silk String over the Star's Center, it cuts 


the Eclipuc in Virgo 8d. the Star's Longitude. 


2. Take the Star's Diſtance from the Center of the Hemi- 
(phere, meaſure it on the Solſtitial Colure, from the ſaid Center, 
and it reacheth to g 3d. 10m, the Star's Latitude South. 

There are drawn in theſe Hemiſpheres, the Eguinchial, Tru 
pics, Polar Circles, and Poles of the Farid ; all which are de- 
(cribs i by their Names ſet to them: More Circles may be drawn, 


and are of Uſe in ſerving other Problems; en ſhall be aged 
after the Probiems in ee, 


„ 


CHAP TER VII. 


2 Trigonometry, abplied i in Problems of Gene 

Efore I treat of Great Circle Sailing, tis not amiſs 10 dif- 
= courte ſomething in Geography 3 and for a more diſtinct 
Knowicige thereof, take theſe following Definitions and Pro- 
blens. Theſe Definitions are much the fame as before, in 
Ubapter 4. of Mer cator*s-Sailing, in page 82. 

dection J. Geograthic Definitions. Plate 5 Figure 1. 
WP 8 Farth (on which we dwell) together with the Wa- 
make one round Body or ode, which is the Sub- 

ject of Geography. | 


2. The Poles of the Earth, are two imaginary Points, di- 


yn — 
* 1 — 


[Cy oppoſite, upon the Surface of it; that in the North, cal- 


led the Nor ba Pole; and that in the South, called the South 
Pole; As P and I. Plate 5. Figure 1, 

‚ 3. 1 Equator, or Line under the Equinoctial, is a Line 
lawn rc oh the Globe, and lieth in the middle between both 
Poles, cutting all Meridians at Right-Angles, and is a Great 


Circle f. om Which Latitude taketh its Beginning, and in Which 


Ungitud - 15 reckon'd, as AQ. Plate g. Figure 1. 

+ riding, are Great Circles drawn thro? both Polgs, cut- 

ng ime Equator at Right Angles, as POI, PAl, and PMI; 
amtwerihle to them, are the North and South Lines drawn in 


ay Chart, M 3 ö 8. Pa- 
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5. Parallels of Latitude, are leſs Circles drawn parallel 
to the Equator, through every Degree and Minute of the 
Meridian, between che Equator and each Pole, as 407 and 
Z * It, and are repreſented in any Chart, by the Eaſt and 
Weſt Lines therein. 

6. Latitude, is an Arch of a Meridian, contained between 
any Parallel and the Equator; ; from whence it is counted both 
Ways to each Pole, where it ends in go Degrees, which | ls the 
greateſt Latitude. 

7. North Latitude, is on that Side of the Equator towards the 
North Pole, and South Latitude towards the South Pole. 

8. Difference of Latitude, is an Arch of a Meridian, and the 
neareſt Diſtance between any two Parallels, and ſheweth how | 
far any Place is to the Northward or Southward of another 
Place, and never exceedeth 180 Deg 2 | 

9. Longitude, is reckon'd in the E uator, round which, in- 
creafing to the Eaftward, ?tis comm (by ſome) *till it end 
| (where it firſt degan) in 360 Degrees, which is the preateſt 
Longitude: Or, according to Mr. Walely, in his Mariner. 
Compaſi Rectified, tis counted from the Meridian of Lins 
gon, increaſing on both Sides of it, Eaſtward and Weſtward, 
till it terminates in 180 Degrees, at the oppoſite Mes 
ridian. | 

10. Longitude of 2 Place, is an Arch of the Equator cone | 
tained between the Meridian of that Blace, and the Firſt Meri- 
dian where Longitude taketh its Beginning, and counted (by 
the old Way) to the Eaftward of the Firſt Meridian, but {by 
the new Way) *tis counted both Eaſtward and Weſtward from 
the Meridian of London; which in this Mount is the Meridian, 

whence Longitude taketh its Beginning. | 
1. Difference of Longitude, is an Arch of the Equator, 


_ Eontained between the Meridians of any two Flaces, and never 


exceedeth 180 Degrecs. 
12. The Diſtince of any two Places, i is an Arch of 2 Greal 
Circle, paſſing thro' them, and never exceedeth 180 Degrees. 
13. The Angle of Poſition, or the Angle of Situation of. 

Places, is an Angle the Arch of à Great Circle paſſing over 0 
the Places, makes with the Meridian ef one of them; and 1s 
not the Courſe leading from one to the other. 

In fading the Diſtance of Places, there are three Caſes : 
As (i .) when they differ oniy in Latitude; (a.) when they fer 
only in Longitune; and (3.) when the. two Places difter both 


in Latitude and — all which are ben kd by the fol- | 
lowing Problems. 


Section | 


* — „„ ** 9 


| fre I the 
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Section II. Geographic Problems, 


Cue 1. Fry, Places differing only in Latitude, grven 3 3 Po find 


their Diſtance. 
Nate . TWO Places under one Meridian, or bearing North 


and South from each other, or one in Longitude, ; 
are (43d to differ only in Latitude. 


2. Two Places differing only in Latitude, the Difference of 
Latitude is the Diſtance required: In which there are two Va- 
lieties. 

Variety 1. Problem 1. Two Places both on the ſame Side of 


he Equator ; that is, both in North, or both in South Latitude; 
to fn their Diſtance ? 


7h» Rye. Subtract the leſs Latitude from the greater, the 


| Remainder (reduce into Leagues or Miles) is the Diſtance re- 


quired. 

Variety 2. Problem 2. If one Place be on one Side of the 
Equator, the other on the other Side; that is, one on in North 
Latitude, and the other in South Latitude; to find their Di- 


ſtance ? 


The Rule. Add the two given Latitudes together, the Sum 


{reduce into Leagues or Miles) is the Diſtance required. 


Theſe are ſo eaſy, tis needleſs to give Examples, being the 


{ane you had in Chapter 3. Section 3. General Rule 2. in Plain 


Sailing, in page 88. 


Caſe 2. 7 wo Places Ahe in 25 in Longitude, given ; to fu 


their Diftance ? 


Nis; Two Places differing only in Longitude, he Eaſt and 


Weſt from each other, and are eter in the Equator, or elſe in 
one Pur el of Latitude. 


In this Caſe are two Varieties. 


. 2. Variety 1. Problem 3. Two Places in the Equator, 
ihr Longitudes being given; to find their Diſtance? 


The Rule. 1. According to the old Way of counting the 


Longitude, ſubtract the leſs Longitude from the greater, the 


ee (if leſs than 180 Degrees) is the Diſtance required: 
en *tis more, ſubtract it from 30⁰ Dees, and this lalt 
Remainder is the Diſtance. 
2. Acc ording to the new Way of counting the Longitude, 
"1 the Moriner*s Compaſs Rectiſied, the Rule is thus; 
bort Longitudes be Eaſt, or both Weſt, ſubtract the leſs 


Ph. Tea] the Reniainder is their Diſtance But when 
Oe 


M 4 | ſtance ; 


is in Faſt, and the other in Welt Longitude, add 
em, 42 the Sum, (if it exceed not 180 Degrees) is the Di- 
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ſtance, and when it doth exceed 180 Degrees, ſubtract it {gp 
300 Degrees, the Remainder is the Diſtance required, which is 
the ſame as in Chapter 4. Scction 2. Problem 3. Page 89. of 
Mercator's Sailing. 18 | 


Caſe 2. Variety 2. Problem 4. Two Places in one Parallel, or 


both in one Latitude, their Longitudes being given, to find 
„ „ T 


Example. demand the Diflance belipeen the Lizard, ai 
Pengwin Iſland in Newfoundland: N 


Lis 1 d. m. | | d. m. 
ard : | „ F ; 24 W, 
Subttact from — 90 OO Diff. Long. 47 4b ; 


Rem. is Comp. Lat. 40 0 0 é 


* Theſe Places ſuppoſed both in the Latitude of god. oom. 


North, whoſe Complement is 40d. 00m; 
To delineate this Problem Stereographically on the Plain of 
the Meridian of the Lizard. Plate g. Figure tr. 


1. Deſcribe the Circle A P QI, with a Chord of 6o deg. or 


Half-Tangent of go Degrees, and Quarter it, with the two 
Diameters or Right Circles PAI, and Æ AQ: Thenis P de 
North Pole, I the South Pole, and A A Q. the Equator. 
2. By Problem 2. Caſe 2. Page 112, of Spheric Geomttr!, 
make the Angle P N equat to 47d. 46m. (the Difference 6! 


Longitude) by drawing the Oblique Cirele PO N 1, with the 


Secant thereof. 


3. Make PZ. equal to 40d. oom. (the Complement of the gi. 


ven Latitude) by Prob. 6. Caſe 1. Page 116. of Spheric Gee. 
4. Through Z draw the parallel Circle Z © lt (by Proll, 
9. Caſe 2. in Page 121. of Spheric Geometry, ) with the Langer! 
of 40d. oom. (the Complement of the given Latitude) to cut its 
Oblique Circle PO NI in O: Then NZ repreſents the Lizard, 
and O Pengwin Iſland, both in one parallel of Latitude. 

35. Then thro' Z and O, draw a great Circle, as » the 


Oblique Circle Z OC, and it's done, for 2 O on the * | 
Circle is the Diftatee required, which is meaſured by Prob n 


7. Caſe 3. in Page 118. of Spheric Geometry. 


Io find their Diſtance by Trigonometry, tis to be noted; 


That in the Oblique Spheric Triangle ZO. Plate g. Fb.“ 
1. The Side ZP equal to PO is the Comp. „ #he Lat. god. oom. 


2. The Angle ZPO the Difference of Longitude =—— . 15 


FAY ew ˙ 25 ˙•¹ Ä mo, 


e 
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„ The Side Z O the Diſtance of the two Places; which to 
find, let fall the Perpendicular PB (by drawing an Oblique 
Circle with the Secant of 23d. 5 3m, half the (given) Difference 
of Longitude to cut the Oblique Circle Z © (in B) and it di- 
rides the Oblique-Spheric- Triangle into two equal Rectangle- 
Suh: -ric-Tr:;ngles PBZ and PRO, i in each the Hypotenuſe, and 


one 1 le is given. 


he Angle ZPB cqual to BP, is half the Difference of 
jon tude 23d. 5 Zm. 
The Leg ZB equal to BO, is half the Diſtance required. 
7 nerefore the Proportion by Chapter 5. Section 4. Froblem 
þ Caſe 4, 12 page 136. of Reetangular Pberi ic Trigonometry, 


is thus; 


As Radius, is to the Sine Complement of the Latitude; ſo is 
the Sine of half the Difference of Longityde, to the Sine of half 
their Dittance required. But in ſhort tbus/, 

As Radius 5. Hypot. PZ. : 8. AngleZPB ., S. Leg 2B the Diſt, 
geg god. 8. 40d. Oom.: : S. 23d. 5 zm... S. 15d. ogm. 

Which \ being doubled, makes the Diſtance 20d. om. or 1810 


Min utes, \ vhich is the Diltancs between the Lizard and Pen- 


gin Iſland, in the Arch of à Great Circle. 
Problem g. To find how many Miles or Minutes of the Equator, 
mate a Degree of Longitude in any Parallel of Latitude. 

" The Rule, or Proportion is; 

Radius, is to the Sine Complement of the Latitude 
do is bo Miles pr Minutes 2 Degree of the Equator, to the 
Miles or Minutes of the Equator, which makes 3 Degree of 
it "tude in the, Parallel required. 

E ample. How many Miles will evfiver to make a Degree of | 
Longitude, the Latitude of 5, 1d. 

AsR:dius .. S. c. Lat.; aeg in the Po P a deg. in the Par, 
As $.90d. .. S. 38d. 28m. : 60 Minutes . Min. 27.32 parts 
4 ic Mit. of the Equator tha make a Degree of Longitude 3 in 
the Latitude of 51d. 3m. | 
Liſe 3. I'wo Places diftering both | m Latitude and Longitude, their 

Laviodes and Longitudes deing given; to find their Diſtance. 

Note, In this Caſe are three Varieties 

Variety 5. Problem 6. One Place in the Kavaion, and the 

ner Owards either of the Poles. 

txample, Suppoſe the Lizard, and the 3 of tbe River 
Amazons, their Latitudes and Longitudes — as follaweth - * 
nan Diſtanc?? 

Lixard 
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Lixard Lat. CB. oo 3 W. 
Amaz. River Ir . daes Lan. ad 4 og W. 


Difference of Longitude a ee e 40 

To delincate it Stereographically on the Plain of the Meridian 
of the Lizard. Plate g. Figure 1. 

1. The Circle being deſcribed 04 quarter'd as before, in Pro 
blem 4. make AZ on the Primitive Circle equal to god. oom. 
the Latitude of the Lizard, by Problem 6. Caſe 1. in page 116. 
of Spheric Geometry. 

2. By the fame Problem, Caſe 2. lay 42d. 40m. the giver 
Difference of Longitude, on the Right Circle ZAQ {which b 
the Equator) that is, take the Half Tangent 42d. 40m. the con- 
trary Way, and lay it from & to N. 

3. Then through Z and N draw a Great Circle, as is the 
Oblique Circle ZNC, and tis done: For ZN (meaſured by 
Problem 7. Caſe 3. in page x 18, of Spheric Geometry) ls ths 
Diſtance required. 

But to find their Diſtance by Trigonometry. Obſerve, 

That in the Rectangle Spheric 'T riangle ZEN. Plat J. 
Figure 1. 

i. The Leg ZZ, is the Latitude of the Lizerd, 50d. oom. 

2. The Leg FN, the - Difference of Longitude between 
them, equal to 42d. gom. 

3. The Hypotenuſe ZN, their Diſtance required, to find 
which (by Chapter 5. Section 4. Problem 5. Caſe 14. in 

page 140. of Rectangular Wberie Trigonometry) the Propor- 
tion is thus; 

As Radius, is to the Sine Comp. of the Lizard Latitude 

So is the Sine Complement of their Difference of Long. 

tude, to the Sine Compleinent of their Diſtance required. 
But in ſhort thus : 
Radius. 8. C. LegZA: S.c.LegEN . S. c. Hypot. Z 8 the Dif. 
S. Od. . S. 40d. COM. : : S. 47d. 20m. S. 28d. zm. Whole 
Complement i is 61d. A equal to 2 Minutes, is the Dr 
tance between the Lizard and River Ama ones. 


Caſe 3. Varia 2. Problem 2. Two Places lying towards one | 
of the Poles ; that is, both in North Latitude, or both in 
South Latitude, their Latitudes and Longitudes being given; 

to find their Diſtance. 


Example. 7 demand the Di aon between 50 Lizard and 
Hand ele 


. Liza 4 


Geographic Problems. 17 


; dect. II 15 | ww 

Iz 1 2 Tat, 4589. .00 1 $34 MN. 
J. Batbadoes Lat. q 3 13.00 1 Long. 7 $7.54 W. 
Difference of 1 — $2.30 


To delineate this Stereographically, on the Plain of the Mes 

diam of the Lizard. 

' I. Having deſcribed the Primitive Circle, and quarter'd it 
| 25 before, make the Angle EPMͤ, (by Problem 2. Caſe 2. in 
page 112. of Spheric Geometry ) equal to g 2d. zom. the given 
Difference ot Longitude, by drawing the Oblique Circle PMI, 
with the Secant thereof. | 

2. On the Primitive Circle (by prob. 6. Caſe 1. in page 116. 
of Spheric Geometry) make PZ. equal to 40d. oom. the Com- 
plement of 2 Lizard's Latitude, by tying the Chord thereof 
fro; m to 

3. Draw the Parallel Circle aL1t (by Prob. 9. Caſe 2. in 
pace 121, of Spheric Geometry) at 13d. oom. (Barbadoes Lati- 
de) Ditance from the Right Circle AQ, the | Equator, to 
cut the Oblique Circle PMI in L. 

4. Then thro' Z and L, draw a Great Circle, as the Oblique 
Cicle ZLNC, and tis done; ; for ZL (meaſured by Prob. 7. 
Caſe 3. in page 113. of Sphezic Geometry) is the Diſtance re- 
quired, 

But by Spheric Trigonometry, to. find their Diſtance, it is 
to be noted, 

Hias in the Obli que Spheric Triangle ZPL. Plate g. Fig. 1. 
1. The Side P. is the. Comp. of the Lizard, Lat. 40d. Oom. 

2. The Side PL the Comp. of Barbadoes, Lat. 77d. oom. 

3. The Angle EL their Difference of Longit. 52d. zom. 

4. The Side ZL their Diſtance required, 

To find which (by Chap. 5. Section 5. Problem 9. Caſe 8. 

age ? 145. of Spheric 8 Oblique) The Rule is, 

tir, As Radius, is to the Sine Complement of the Diffe- 
mc? of 1.ongitude z So is the Tangent Complement of the 
kleater Latitude, To the Tangent of a Fourth Arch. 

Which being ſubtracted from the Complement of the leſs 
latitude, when the Difference of Longitude is leſs than go 

ders; but when more than go Degrees from it's Supple- 
je o 180 Degrees, the Remainder is the Reſidual Arch. 

en, 

Second! Y, As the Sine Come jemant of the Fourth Arch afore- 
"nd, is e the Sine way comms of the Reſidual Arch; fo is 
lk dne 0 the greater * to the dine Complemen of 
the 
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the Diſtance required, But in ſhort, as follows; 
As Radius. S. c. Angle PL:: T. Side ZP. T. gth Arch, 
As S. 9od. .. S. 37d. 3zom.:: T. 40d. oom... 1.2. oam. Which 
e being ſubtracted from the Side PL 94d. oom. be 
Remainder is the Reſidual Arch —— 49d, ow. 
Then again, ſay, 5 „ | 
As $.c.4th Arch. 8. c. Red gas : : 8. C. Side ZP. S. c. Side ZI. 
As S. zd. 56m... S. god. o4m. : : S. god. oom. .. 8, 3 3d. 27m. 
Whoſe Complement 56d. 2 3m. or 3383 Minutes, is the | 
Diſtance from the Lizard to Iſland Barbadoes in the Arch of 
„ Toad | , 


Caſe 3. Variety 3. Problem 8. Two Places, one in North 

Latitude, the other in South Latitude; their Latitudes and 
Longitudes given; to find their Diſtance. 

Example. I demand the Diſtance from Cape Cod in New-Ene- 

land, 70 Cape Bona Eſperance, er Cape of Good in Africa? 

d. M | 


Cube Cod 6 Lat. 5 42 10 N. 2 Longit $67 45 W. 


Cape Bona Epp. 02 34 255. 1 
Difference of Longitude i.. ———— 84 4 
To delineate it Stere2grophicaliy on the Plain of the Meridia! 
of Cape Cod. Plate 5. Figure, . 5 
1. The Primitive Circle being deſcribed, and quarter d, 2: 
before directed, make (by Problem 2. Caſe 2. in page 112. 0 
Spheric Geometry) the Angle EPM equal to 84d. 5 5m. the 
g ven Difference of Longitude, by drawing the Oblique Citc' 
PII with the Secant thereof: But the Secant is ſo large that l 
not eaſy to do; therefore in ſuch Caſes, lay it on the Right 
Circle AMAQ , the Equator (by Prob. 6. Caſe 2. in page 110, 
of Spheric Geometry) from to M, that is, from the Scale d 
elf Tangents the contrary way; and laying a Bow fcrew's up 
to the three Points P, M, and I, draw the Oblique Circle by it. 
2. On the Primitive Circle, (hy Problem 6. Caſe 1. in est 
116.) make PZ equal to 47d. '5om. the Complement or 047: 
Cod's Latitude. „ * 
3. Draw the parallel Circle 2 D 1t (by Problem 9. Ce > 
in page 121.) at 34d. 26m. Cape Bona Eſperance Lat. (01 Dit. 
from the Right Circle AQ the Equator) to cut the Obi 
Circle PMI, in D, repreſenting Cape Bona Eſperance. _ 
4. Thro' Z and D, draw a Great Circle, as the Oblique Cir- 
cle ZDC, and tis done: For Z (mcaſured by Problem 7. C 
3. in page 118. of Spheric Geometry) is the Diſtance qu 45 


of 


5 


G9 :53 
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By Spberic  Trigonometry, to find their Diſt. it's to be conſider'd; 
hat in the Oblique Spheric Triangle ZPD. Plate 5. Fig. 1. 


Tze Side PZ is the Comp. of Cape Cod's Latit. 47d, 5oms 
2. The Side PD the diſtance of Cape Bona-Eſperance from the 
1th Pole, or its Latitude added to god. that is 124d. 25 m. 

; The Angle DPZ. their Differ, of Longitude 84d. 5 en 

Ihe Side ZD their Diſt. required, which is thus found. 

by Chapter g. Section 5. Problem g. Caſe 8. in page 145, of 
Syheric Trigonometry Oblique, the Proportions are the, 
Fir f, As Radius, is to the Sine Complement of their Diffe- 
rence of Longitude 3 10 is Tangent Complement of one of the 
riven Latitudcs, to the Tangent of a Fourth Arch. Then, 
If the Difference of Longitude be leſs than god. ſubtract the 
Fourth Arch out of the other Latitude, added to god. but if the 
Dif. Long. be more than god. from the Supplement thereof to 
180d, the Remainder is the Rehdual Arch, And then, 


breach As the Sine Complement of the Fourth Arch, is 
to the Sine Complement of the Reſidual Arch; ſo is the Sine 
| of the 1 tifude firſt taken, to the Sine Complement of the 
Diſtance :cquired, But in ſhort thus; 
Radius, S. c. Ang. DPZ : ; T,SidePZ .. T. ath A 
A8. 90d... S. Ogd. OSm.: T. 47d. om. . T. 5d. 35m. which 


being fubtracted from the Side PD— 124d. 25m. 
The Re wainder is the Reſidual Arch —1 8d. som. | 


Ther again lay, 


—_—— 


The Sum is the Side 20 their Diſtance —— 
Or 6539 Minutes is the Diſtance from Cape Cod to ou 
Bon 1 ſperance, in che Arch « a Great Circle, 


Po * 
. 13 — I. 4 : $ . > "> 3, 
— > 


CHA PTER VIIL 


Tr; 7 rometry, applied in Great Circle-Sailing, 
G at Ci rcle-Sailing, as it's the exacteſt, fo it's the moſt 


by; 


8. c. ath Arch.. S. e. Rejidual Arch : S. c. Side PZ... S. 0. ide 20 


d $44. 25m. .. 8. 18d. ken 8. 42d. 10m... S. 18d. qm. 
Which added — ——— OT ONE 


ro8d. 50m. 


of the third Part of Navigation, or the Dollrine of Nen. 


diicult, and hardly poſſible ſor a Ship exactly to Sail 


90 Great Circle Sailing. f Cheap. VIII. 
by; yet it may be of good Advantage to keep conveniently nett 
it, eſpecially in a parallel (or Faſt and Weſt) Courſe. 

2. Great Circle Sailing, is Sailing by, or upon the Aich of 
a Great Circle, paſſing through the two Places. | 

3- In Great Circle Sailing, are but three Caſes, viz. 

(I.) When two Places differ only in Latitude. 

(2.) When they differ only in Longitude : and, 

(3.) When they differ both in Latitude and Longitude. - 


Cate 1. Two Places difftring only in Latitude, their Lauda 
Liven; t find their Diſlante. | 
1. This is the ſame with Chapter 7. Section 2. Privlm i, 
and 2. in page 183 of Geography, to which I refer the Reader 
for finding their Diſtance, and ſo paſs to 


Caſe 2. Tivo Places diſfrring ouly in Longitude, the Latitul 
and Longitude being given; to find their Diftanct in tht 
Arch of a Great Circle, and all that is requiſite in Gren 

Circle Sailing. F ö 
1. This is the ſame with Chapter 7., Fection 2. Problem z; 

and 4. in pages 183, and 184 of Geography, to find ther 

Diſtance. e e he 5 

2. Theſe Places are either in the Equator, or in one Pe 

rallel, and he Eaſt and Weſt from each other ; but their D. 

ſtance in that parallel, is not their neareſt Diftance, the paralle! 
being a Leſs Circle. 5 5 | 
3. The Diſtance in the Parallel hath been ſhewed in C chi 

4. Section 3. Problem 10. of Mercathr't Sailing, in page 100 

and their Diftance in the Arch of a Great Circle is found by 

Chapter 7. Section 2. Problem 4. in page 184 of Gg raphy. 
But the Angles of Poſition made by the Great Circle, and its 
Latitude, and Longitude at any aſſigned Portion, together will 

the Courſe, and Diſtance from Place to Place, fo «lligned it 
it, is the Work now. 8 „ 


Caſe 2. Problem 1. Suppoſe the Lizard, and Peng win and, 

both in the Latitude of god. oom. North, whoſe. Diffe cu 
of Longitude is 47d. 46mm. (as before in Problim 4. in 74 

184 off Rory I demand the Aiiglts of P fptaon 
De Great Circles Diflance between them ? The Latitude ef 


the Arch at every 5 Degrees Difference of Lofegitud: ® An 


the Courſe, and Diftance of each of them agcordivg it Mer 


Thi] 


F — rr — 
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This Problem is delineated by the Directions in Problem 4 
of Geography, in page 184. And obſerye, that, 


1. A repreſents the Lizard. 

2. C Penguin Iſland. ; 

3. The Side PA equal to PC, the Complement of the Lati- 
inde of each Place, 40 Degrees. 

he Angle APC, the Difference of Longitude 47d. 40m 
. Tbe Angle CAP equal to ACP, the Angle of Poltion 
at each Place. 


6, The Side AC, the Great Circle 8 Diſtance between them. 


poßtion at the two Places. 
Draw the Perpendicular PB, (as Was taught in Problem 4. 
of Gergraphy, in page 185.) which divideth the Oblique Tri- 


ind CBP, in each, the Hypotenuſe and one Angle are given. 
ns 18, 

„The! Hypotenuſe PA, equal to PC, the Complement of 
Ben 11. aitude 40 Degrees. 

. The Angle BPA, equal to BPC, half their Difference of 
Logs e 23 deg. 53 min. 

2. The Angle BAP, equal to BCP, the Angle of Poſition 
u cach Place. 


4. x 4 Leg AB, equal to BC, half the Great Circle's Diſtance. 


3-H 


{1gonmerry Rectangular, in page 137 - the Proportion is thus; 
As Radius, is to the Sine of the Latitude; ſo is the Tangem 
of bf tha Difference of Longitude, to the Tangent Comple- 
ment of the Angle of Poſitian at each Place. That is ; j 
A Radius. S. c. Hyp. AP: : T. Angle APB.. T. c. Angle BAP. 
ud. 908... S. god. oom. : : T. 2 3d. . T. 18d. 44m. 
Which being {ubtracted * god. oom. 


n, ei is the Angle of Poſition at each Place, 71d. Tm. 

| 3nd), The Leg AB, equal to BC, is found (by Problems 4. 
Pare df cb, in page 188.) 15d. om. and therefore the Side 
s 30% rom. or 1810 Minutes, the Diſtance of the two 
en Arch of a Great Circle. 

> And thi irdy, 1's find the Latitude by which the Arch ſhall paſs at 


 Mer- WR Of) 5 Dees Difference of Longitude from A, repreſenting 


b Live; ; theſe Things follring * be obſerved: 


Thi Fiſt, 


In the Oblique Spheric Triangle APC. Plate . Fig. 5 


Ful, For the Angle CAP equal to ACP, the Angles of | 


ange APC, into two equal Rectangle Spheric Triangles ABP, 


F. The Leg BP, the Complement of the Arch's greateſt 
And by Chapter g. gection 4. Problem 2. Cafe 6. of Bpberi ie 


| 
: 
„ 
£4 
} 
1 
0 
| 
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Firſt, Find the Leg BP, the Complement of * greateſt 
Latitude by which the Arch (of the great Circle) doth pass; 25d 
that by Chapter 5, Seftion 4. Problem 2. Caſe 5. of $»bericlf 
Trigonometry Rectangular, in page 137.) is thus i 

As Radius, is to the Sine Com plement of half the Di erencef 
of Longitude. 1 

So is the Tangent Complement of the given Latitude, to the 3 
es, og Compiement of the Arch's greateſt Latitude In ſhort J 
thus » 4 
As Radius. S. c. Ang! BPA: T. Hypot. FA... Tc: 1 BPH 

As S. od... S. 66d oym. iT 40d. 00M. +. T. 37d, zom 
Which being ſubtracted uri | — god. oom, i 


Remainder is the Arch's greateſt Latitude — 5 . zom 

Secondly, To find the Latitude by which the Arch of thef 
great Circle paſſes (at every g Degrees of Longitude) ſrom A. 
draw Meridians from P, as Pd; Pe, Pf, Ec. which may mo! f 
eaſily be done Guomonicdlly, being then Right Lines; and that is 
thus ; | f 


ye Gnomonic Projettion. Plate g. Figure 2. — 
1. Make the Angle APC equal to 474, 46m. the Dilterenc 9 
of Longitude between the two given Places. I 
2. Make PA, andPC, each equal to the Tangent of 40d. oon 
the Complement of the given Latitude. 
Draw the Line AC, which repreſents the Arch of a erea 
Circle between them, | , 
4. Let fall the Perpendicular PB, which being meaſined onthe I 
Scale of Tangents, is 374. zom. the Complement of the Arch 3 
greateſt Latitude, 3 
2 Then draw Lines from P; each 5 Degrees diſtance f anf 
„as Pd, Pe, Pf, Pg, Ph, Pi, Pk, Pl, and Pm; which are Me. 
Ae and each 5 Degrees of Longitude from A, the Lizard, 
6. Meaſure Pd, Pe, Pf, &c, on the Scale of Tang ents, andy I 
it ſheweth the Complemetts of the L atnuges of the Arch, af ; 
the reſpective Places d, e, f, &c: I 
Theſe ate found (by Spheri ic Trigonometry } aſter this manner | 1 
The ſeveral prick'd Lines Pd, Pe, Sc. are fo many Hypo] 3 
nuſes; to as many Rectangular Spherit Triangles, which ale I 
one common Leg BP, the Complement of the Arch greaict 1 
Latitude, 4 
Now in each of theſe Rectapgular Spheric Tring es, the! | 
is given a Leg, and its adjacent Angle, to find the Hypotenuſe i 
that is, in the Triangle d BP, there is given the Leg BP, #0 I 
se BPd; to find the Hypotenuſe Pd, and fo in all the ell, 


nd 1 4 
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1 VIII. Gra Circle Sailing. 5 193 
+. i vera) Angles BPd, BPe, Cc. are ſoumd by a 
Wi! Subtraction of 5 Degrees from the Angle BPA 236. 
de Difference of Longibide, till the Remainder be 
n; Degrees, which being taken out of 5 Degrees, and 
ef Remainder add 5 Degreęs ſucceſſively till the Sum 
en ed not 2 3d. 5 zm. That is; W | | 


_— | am =: | 1 5 m 
Br the Angle BPA 23.53 Then to the Angle BPh 01.07 
ate Angle APd 5.00 | Add the Angle = hPi 05.00 
Z BFd 18.333 Ci 06.07 
Wn + ns. 2 pe od 3 | Som b tte Angie 3 — 
Dre CBPm 21.07 
Wc) Subtract from 05.00 | Theſe Angles are called 
& the Angle BPh = 01.09 Vertical Angles, or Angles at 


[2TH 4 FR 
olg, 


en 5nd (by Chapter 5. Section 4. Problem 3. Caſe 9. of 
„ genometty Rectangular, in Pages 137, and 138) the 
g Laticudes of the Arch, which are by this Proportion. 
0 7 los, is to the Sine Complement of the Vertical Angle; 
ois thc Tangent of the Arch's greateſt Latitude, to the 
= Wc: ot the Arch's Latitude at the reſpectite places. Or, 
WR: S. c. BPd, BPe, Gr.:: T. c. Leg BP... T. c. Pd, Pe, c. 
E. god. S. 71d. m.:: T. 5d. 30m... T. 50d. 58 m. Lat. atd 
| 76 Of | 51 1 
| 81 07 
86 O 


Je pm 


7 
8 
h 

. 
Kk 
m 


Gn 
to 


do Ut by the Gunter, the Extent from the Sine of go de- 
ich „ 10 the Sine of 71d. 07M; will reach from the Tangent 
J 1529. zom. to Tangent 50d. 58m. And the Extent from 
wy „e gol. to Sine 76d. 07m. will reach from Tangent 52d. 
| n. Tangent 51d. 41m. Alſo from Sifie god. to Sine 
I. om. reacheth from Tangent 52d. zom. to Tangent, 
. 1071, and ſo on for the reſt, 9 
Lau by Logarithms it may be thus contracted ; becauſe thy 
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192 Gr ent Cri cle Sailing. | Chap: V 
Firſt, Find the Leg BP, the Complement of the gre: 
Latitude by which the Arch (of the great ws doth paſs ; 
that by Chapter 5, Section 4. Problem 2. Cafe 5. of Sp. 
Trigonometry Refangular, in page 137.) is thus 3. 2 
As Radius, is to the Sine Complement of half the pic. 4 
of Longitude, 4 
So is the Tangent Complement of the given Latitude, to We 
Tangent Complement of the Arch's greateſt Latitude : In Oh 
thus > 
As Radius .. S. c. Angle BPA: : T. Hypot, PA. 1 b. Lez 
As S. od.. S. 66d om. . 40d; ooin. J. 37d. 2M 
Which being ſubtracted . — god. of 4 
Remainder is the Arch's greateſt Latitude . 524. 2 
Secondly, To find the Latitude by which the Arch of 
great Circle paſſes (at cvery 8 Degrees of Longitude) from WF. 
draw Meridians from P, as Pd; Pe; Pf, &c. which may nt 
eaſily be done Gnomonically, being ther Right Lines; and tba 


thus; 4 
4 The Gnomonic pro eftion. Plate g. Figure 3. 
1. Make the Angle APC equal to 47d. 40m. the Differeq; 
of Longitude between the two given Places. 3 ; 
2. Make PA, andPC, each equal to the Tangent of god. om 
the Complement 'of the given Latitude. 3 
Draw the Line AC, which repreſents the Arch of: a g 
Circle between them. 3 
„ Perpendieular PB, which being. meaſure on ne 
Scale of Tangents, is 37d. zom. the Complement of the A 
greateſt Latitude. FB 
F. Then draw Lines from P; each £ Degrees diſtance f 
"as Pd, Pe, Pf, Pg, Ph, Pi, Pk, Pl, and Pm; which are 
* and each 5 Degrees of Longitude from A, the Lizard 
6. Meaſure Pd, Pe, Pf, c. on the Scale of FTangents, 
it ſheweth the Complements of the Latitudes of the Arch, 
the reſpective Places d, e, f, &c. 
Theſe ate found (by Spheri ic Trigonometry) after this mann 
The ſeveral prick'd Lines Pd, Pe, Sc. are ſo many Hypq; 
nuſes; to as many Rectangular Spherie Triangles, which 16 
one common Leg BP, the Complement of the Arch's great 
ain 
Now in each of theſe Rectapgular Spheric Triangles, | N 
is given a Leg, and its adjacent Angle, to find the Hypoicnvs 
that is, in the Triangle d BP, there is given the Leg BP, 8 
Angle BPd; to find the n Pd, and ſo in all the 18 
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WS nul Subtraction of 5 Degrees from the Angle BPA 274d. 
WS - 1. half the Difference of Longivade, till the Remainder % 
iim 5 Degrees, which being taken out of 5 Degrees, and 
bis aft Remainder add 5 Degrees ſucceſſively till the Sum 
eecd not 23d. 53m. That is; | e 
om the Angle BPA 23-53 | Then to the Angle BPh 01.07 
vs Sub iract the Angle APd 5.0% 
= 8 18.53 i 66.07 
n e ce eie ge 3 ff 1607 
1 PT C Bm 21.07 
iich Subtract from 05.00 | Theſe Angles are called 
WS |: the Angle BPh = 01.09 1 Vertical Angles, or Angles at 
e Pole. . 


= Tin and (by Chapter 5. Section 4. Problem 3. Caſe 9. of 
= Trigmometty Refienguler, in Pages 137, and 138) the 
BE cc! Latitudes of the Arch, Which are by this Proportion. 
As Radius, is to the Sine Complement of the Vertical Angle; 
So is the Tangent of the Arch's greateft Latitude, to the 
BE | nent of the Arch's Latitude at the reſpectite places. Or, 
Radius Sc. BPd, Be, Sc.: : F. c. Leg BP. T. c. Pd, Pe, &c, 
W 458. God. , S. 7 1d. m.:: T. gad. 3om. . T. 50d. 58m. Lat. atd 
1 07 52 10 | 
86 07 52 2b 
88 53 


Lab 
— 52 30 
— 


—— —— 


— — 

S MI 
„Err vw. 
„ „ 
wet OR ;; 11 
do hat by the Gunter, the Extent from the Sine of go de- 
@ £iccs, 10 the Sine of 7d. om. will reach from the Tangent 
% zom. to Tangert 50d. 58m. And the Extent from 
ac god. to Sine 76d. 07m. will reach from Tangent gad. 
8 32. © Tangent 51d. 41m. Alſo from Sine god. to Sine 


w apm 
32 Fo TOR "IR 


$20, om. and ſo on for the reſt, 


2 | 


j 


wo 


— 2 et 4d 9 — 


| Add the Angle = hPi 05.00 


8 5:0. 07m. reacheth from Tangent 52d. 30m. to Tangent, 


oy Logarithms it may be thus contracted; me ys 
N Y _ | BE 
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Firſt and Third Terms in each Proportion are the ne, and 
Radius being the Firſt, it follows, 

That to the Tangent of the Arch's greateſt Latte, add the 
Sine Complement of each Vertical Angle, and from their Suni 
abate Radius, the Remainder is the Tangent of the Arch's * 
tude at each Place required. As for Example. 


Ar. greateſt Lat. 52. 30 Tan. 10. 115019 


7% Sine 9.975974 d. m.) 
e 10.990993 Tang. 50.58 | | 
7 07 vineg. 29224, | = 3 
10. 102143 Tang. 51.41 { © 
I $1.07 Sins 9.994759 
99 75 to. 10978 Tang. 52.10 f 
86.0% Sine e 9.999002 | e 132 he: 
10.114021 Tang. 52. 26 8 
Comp. Verti- 88. 53 Sine * 9-999977 | 5 | 
cal * 4 10.11493 36 Tang. 52. 30 = 2h 
2; 83-53 Sine 9:997520 _ "Ball 
1 © T0:112539 Tang. 52-21 | 'E | i 
78. 53 se 9:991774 3 
. 
73-53 Sine 9.982587 


q 


F J To:097606 Tang. 51. D! 


{ 68.53 Sine 9.969811 — 
. 5 — 330 Tang. 50.340 m 
Thirdly, To find the Courſe, and Diſtance bf the aforeſaid | 
: Places, Baring now the Latitude and Longitude of them; this 
: 55 done by Chapter 4. Section 3. Froblem 24 of Mercator $ 


iling, in page 
A. fir Evangh * To find the Courſe and Diſtarce from A | 


to d. 
© There is given the Latitude of A 50d. oom. North, and of 
d. 50d. 58m. North, with their Difference of 8 5d: 


or 300 Minutes Weſt, 


Their 
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Their Meridional Difference of Latitude (by the Table of 


Me riqional Parts, in Pages 310 and 3.40 i5 92 Minutes : 
Therefore 


For the Courſes, the Proportion | s; 


As Merid. Dif Lat. Diff. Ling. : : Radius . 7. of the Courſe 
As 92 Minutes. 300 Min. * * 45d: . S. 73d. om. N. 
7 W. eſterly from A to d | is the firſt Courſe. , 


For the Diſtances the Proportions are 3 


s 8. c. Courſe .. Diff. Lat. : : Radius .. Diſtance, 


As 16d. 53m. . 68 Min.:: S. god.. 400 Minus K 00 d. 


After the ſame manner find the Courſes and Diſtances from 
ꝗ to e, ſrom e to f, Se. as follows. 


For the Courſes, the Proportions are 


4 d:in, 
A; 691 un. 300 Min, : : T. 450. T. 77. 2. NW. from d to e. 
— 8.06 — from e to f. 


— —85.02— from f to g. 
— — 38.46 NW. from g to h. 


— — 87.5 S. W. from h to i. 
— 83.08 — from i to k. 

57 — — 70, 4, from k to l. 
75 — — —575 26 — froml tom. 

„Min. «, 166him. T. 45d... T. ad. 18m. S W. from m toC. 


For the Diſtances, the Proportions are, 


As S. 12d, 58m. . 4.3 Min. : 8. 


8 god. .. 192 Min. from to e. 

3d. e 29 — 187 from e to f. 
4d.5 8m. 16 —— 185 from f to g. 
1d. 14m ++ 4 — 186. from g to h. 
2d. 46m. 9 ꝛ —— 187 from h to i. 
6d. 52m 22— 3 184 —— from i cok. 
0d. 46m 3 — I g — from k to l. 
4d. 34m. 49 —X 14 from 1 to m. 
17d. 42m. 3. — 


- 1 1a bm m to . 


Which place oiderly as in the Table following. 


N 2 Places 
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th". 8 ah 


_— 


Ear | Meri- Mer. Difference | Diff. (Courſes from | Diſtance 
I | 

| &|Lati- |dional Diff. |of Longi- 17 La- Placeto | of 

& |tudes. Paris — fude. fitude Place, | Places. 

| 8 rv F7 Min. 3 M. Min. d. m. Min. 
P Lo | NT wa A | 


69 5 or 1 43 N 77-02 W 292; 
1.41 15 . 
c 21 ag 5 or 300 29 N 81.06 W| 187 


820 = eee 16 |N85.02 W|_15s | 

PICASA. ES 

52.213700 "Ba OF 300 . S 87.15 W 187 

95-39 3663 37_j5_0r 30 22 . $3.08 W 85 

51. AJ} 3606 . 5 or 991 30 S 79-14 W 193 

528 2. r 30 49 6 28.26 W| 194 
8 72 


50.34.2888 5 © 
50.00 3474 ** 2.460 166 | 


7 q TI IN The whale 8 


3 
ore I . * 


— 


> e 


_— 


— — 


— 
** 


But in Regard, » t ofthe Conrfes in the Table are ſo near 
| the Wet, you may fail WNW. 927 Min. until you are in the 
Latitude of 569. dom. North ; and then WS W. 92/ Mn. 
farther, you will arrive at the port deſired. 

"By: this means you alter the Latitude 6 deg. which is conſide - 
rable, in reſpect of the Benefit of Obſervation, beſides the Di- 
ſtance (this way) is but 44 Minutes more than that of a Great 
Circle, and not above 12 Minutes more than the Paralle! or Well 
Diſtance 3 which is evident, if you compare Chap. 4. Sect. f. 
Problem 19. of Mercator”s Sailing, | in Page 101. with this. 


Caſe 3. Two Places differing both in Latitude, an Longitude ; 
their Latitudes, and Longitudes being given: to find ter 
Distance in the Arch of a Great ue and ole 2 IS reguiti 7 
in Great Circle Sailing, 


Motte; When two Places differ both in Latitude and Longi- 

dude, they lie neither in one Parallel, nor under one Meridian; of 

which here are three kinds, vis, (r 1.) one Place under the Equa- 

tor, and the other in North, or South Latitude. (2.) Both Places 

in North, or both in South Latitude: And (3. E. One Place in 
Ul 


North Latitude, and the other Place in South Latitude. mm 
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„ Theſe three kinds of Places, differing both in Latitude and 
ongitude; how to find their Diſtance in the Arch of a Great 
Ci cle, hath been ſhewed in Chap. 7. Section 2. Cafe 3. Pro- 
dem 6, 7 and 8, of Geography, in Pages 185, 186, 187 and 188, 
But to find the Angles of Poſition, and what elſe is requiſite in 
Great-Cirle-Sailing, is the Work of the 3 tollowing Problems. 


Cafe 2. The firſt Kind, One Place under the E quator : ; the other 
in North, or South Latitude As for Example. 


Problem 2. Suppoſe the Lizard, and the Entrance of the River 
Amazones ; 1demand the Angles of Poſition ? the great Circle's 
Diſtance between them? The Latitude of the Arch at every 10 
Degrees Difference of Longitude ? with the Courſe, and Di- 
Rane of each of them, according to Mercator ! 

The Latit de, and Somos of theſe Places, ſuppoſed to be 


45 fo}! LOWS + 


Litar domme 4 50. oo 5. 24 W. 
IAnax. River 5 Latitude $2 decke, 04 W. 
Their Difference of Longitudd.m⁊ũñÄ?ꝝ⸗ 42.40 W 


lis Problem is delineated by the Directions in Problem 6, 
of Geagrephby, in Page 186. And here Note; That, 

In the Rectangle Spheric Triangle Z EN. Plate 6. Fig. 1. 

1. Z repreſents the Lizard. | 

2. N the Entrance of Amazon River. 

3- The Leg ZZ the Latitude of the Lizard, 50d. oom. 

4. The Leg AN their Difference of Longitude 429. 40m. 

5. ZN the Angle of Poſition at the Lizard, 

6. NZ the Complement of the Angle of Poſi tion at Ana- 
Gon ne, in the Equator, 


The Hypotenuſe ZN, the Great Circle's Diſtance be- 


met n them 
For che Angles RNZ, or ZN (by Chapter 5 Section 4. 
Pre blen . Caſes 73 and of - cunt 7 Tigonometry Neckar- 


i 6 n of the Difference of Led to the Tan 


rent _omplement of the Angle of ne at che Place having 
Latity de: "That * | | 


N 3 As 
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As Radius . S. Leg FZ :: T. c. Leg EN. T. c. Ange ZN. 


As S. god. .. S. god. oom. :: T. 47d. 20M. .. T. 30d. 44m. 
Which ſubtract from 0 dd. oom. 


Reſts the Angle of Poſition at the Lizard— 50d. 46m. 

And again, 

As Radius is to the Sine of the Difference of Longitude ; 80 
is the Tangent Complement of the Lizard's Latitude, to the 
Tangent of the Angle of Polition at the Place in the Equator; 
That. 

As Radius . S. Leg AN: : T. c. Leg EZ . T. c. Angle ANZ, 
As S. god... S. 42d. 40m. : T. 40d. om. . T. 29d. 38m. the 
Angle of Poſition at Anaxones, which ſubtr. from god. oom. 


55 Reſts the Angle EN Z. d. 22m. 
For the Hypotenuſe ZN the Great Circles Diſtance be- 
tween them that's found (by Chapter 7. Section 2. Caſe 3. Pro- 
blem 6, of Geegraphy in Pages 185 and 186) to be 614. 48m, or 
3708 Minutes. 
To find the Latitude by which the Arch ſhall paſs, at every 
ro Degrees Difference of Longitude, from Z, repreſenting the 
Lizard, obſerve the following Stereographic Projection on the 
Plane of the Equator. Plate 6. Figura 1. 

1. Deſcribe the Primitive Circle, on the Center P, which 
repreſents the Pole of the World, through it draw ths Right 
Circle PZA, repreſenting the Meridian of the Lizard, and from 
the Half-Tangents lay 40d. the Complement of its Latitude 
from P to Z. 

2. On the Primitiye Circle lay 42d. 40m. the Difference of 
Longitude from A to N; allo lay ro deg. from to f, from 
| f to g, and ſo on to i. 

3. Thro' Z repreſenting the Lizard, and N the Entrance of 
Ana anes River, draw a Great Circle, as ZN. 

4. Draw the Right Circles Pf, Pg, Ph, and Pi; which are 
 Meridians, and cut the Arch ZN in a, b, c, and d, the re- 
ſpective Places whoſe Latitudes are required. 

Meaſure af, bg, ch, and di, on the Scale of Hall ; 


: Tangents, (the contrary way) and it ſheweth the Latitude of the 
Arch at thoſe Places ; 3 and to find them, 


By Spheric Trigonametry. 

The ſeveral Right Circles af, bg, Sc. are ſo many Perpen- 
diculars to as many ſeveral Rectangle Spheric Triangles, which 
have one common Angle ANZ; the Complement of the Angle 
ef Polition at that Place, which i is in the Equator. 


Non 
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Now in each of theſe Rectangle Spheric Triangles, there is 
den a Leg, and it's adjacent Angle, to find the other Leg, 


which is the Leg oppoſite to the ay Angle ; that is, in the. 


] Triangle afN, there is given the fN, and the Angle aNf, 
to find the Leg af, and fo in all the reſt of the Triangles, 
And the ſeveral Legs Nf, Ng, &c. are found by a continual 


Subtraction of 10 Degrees from the Difference of Longitude, 
ii the Remainder be leſs than 10 Degrees, | The Remainders 


l cal Vertical Arches, * are thus found. 
a, m., Then (by Chapter 5. Sec⸗ 


From the Arch - 42. 40 tion 4. Problem 3 Caſe 7 of 


Subtract the Arch — Af to. oo] Spheric Trigonometry Rectan- 


Nf 32-40 |gular, in pages 137 and 138) 


: *. N g 22.40|to find the ſeveral Latitudes 
Remain, the Leg Nh 12.40|of the Arch, che Proportion 


Ni 2.40 lis thus, 


As Radius, is to the Sine of the Vertical Arch ; 


50 is the er Complement of the Angle of Poſition (at 


the Face in the Equator,) to the Tangent of the Arch's Lati 
tude, Or thus; * 


| AsRaiius . S. N, Ng, Gr. :: T. Angle aNf.., T. Leg af, be, E 
As 8. god .. S. 32d. 4om. : : T. 60d, 22m... I. ES . 
IC 


22 40 — ——ůͤů— 34. 07 
12 40 — 21.05 


2 40 ——— — 441 


I have calculated the Latitude of the Arch for every ro De- 
gets Difference of Longitude; but by the ſame Method the 
Practitioner may do it for each 5 Degrees, and then it will be 


Moth exact. 


The Courſe and Diſtance "LI each of theſe Places ae nd 


(by £ -hapter 4. Section 3. Problem 2. of Mercator Sailing, in 


93 and 94) in like manner as in the third Step of the laſt | 


Pro oble; n, and is as followeth. 


For the Courſes, che 1 is, 
Her. Dif. Lat. ., Dif. Long. : : Rad.. T. ef the Courſe required 
As 550Min. . . booMin.: T. 7 oa I. 21 — SW. from toa 
1 OR rt 34 14 SW. Ib to c 
2j 30d. 26m C from Jc to 4 


nn... 


x Y 


As 2: 31 ; Mile. 7 0 . Ta sd. IN & wh 296. 39m — d d to N 


4 | 3 For 


"A 
b 
> 
d 
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2̃. For the Diſtances, the derten. 


As S. c. Courſe .. Diff. Lat.: Radius Diſtance required. 

As S. 43d. 32m. W 8. cx . 565 Min. from Z toa 
5od. 2 3m. | 

550 om. 782 — 


731 * b 
945 to e 
e — hen br 


This may { fre for 2 ſufficient Explanation of this Problem, 
the whole is in the Table following. 


SPB D Cure fran. 
E Latte tional Place to o® 
2 . 2tft.| 0 % | Places. | 
2 M. a | bm 
IF 80 3 7 W 731 
j= F 5 W 
* 10 10 or 00 13.028 34 10. W 945 

T 10 or bo e 
N — 4.41 8 20 20 WI 32 
Jawa Þ * 929 323 


. ve _The whole Diftance i— 3796 _ | 


— — — * n 
* 


— 


Caſe 3. Thef ſecond kind; Both Places in North Latitude, or 

1 both in Sogth Latitude, as for Example. 

Problem 3. Suppoſe the Lizard and Iſland: Barbadoes : 7 demand 
the Angles of 2 tion; The Great Circle's Diſtance beiwzen 
them ? The Latitude of the Arch at every ro Degrees Difit- 
rence of Longitude? With the Courſe, and Di francs e 

each of them, according fo Mercator? 


The Latitude and Longitude of theſe bre fuppoke! # 


follows : © "Goth. - 
Lizard ? 4 59.90 5 5 2 
J. Barbados F Lat In, 90! Long * of 2 04 W. 


Their Derne of Longinude.is — eau W. 
| Thi 3 


0 


Clap vin. Great Cirele Selb: 202 ; 


2 The Side PZ the 2 of the FAT of the Li- 
2517, 40 degrees. | 
4. a0 Side PL the Complement of the Latitude of Barba- 
Joes, 75 degrees. | | 


Ihe Angle ZPL their Difference of Longitude, 52 de- 


9280 40M. 


5 6. PZL 


3 0 the Lizard. 
7. PLZ de Angle of {Potbion at Iftland Barbadves. 


q The Side ZL the great Circles Diſtance between them. 

For the Angle PZ L and PLZ, (by Chapter 5. Section 5. 
Problem 9. Caſe 7. of $ pheric Trignometry Oblique, in Pages 
144 and 145.) the Proportions are theſe ; | 

As the Sine of half the Sum of the Complements of both La- 
titu des, is to the Sine of half their Difference; 

50 13 the Tangent Complement of half their Difference of Lon- 
gitude, to the Tangent of half the Difference of the Angles of 
Poſition. Again, | 

As the Sine Complement of half the Sum of the Comps. 
ments of both Latirudes, is to the Sine Complement of half their 
Differe: SY | 

80 is ; the Tangent Complement of half their Difference of 
Longitude, To the Tangent of half the Sum of the Angles of 


Poſition. But ſhorter thus, 


AsS, 5 | Sam des.. S. Ttheir diff.: T. c. 2ZPL. . T. * of Aug. 
48 8. 584. zom. 41 18d zom. :: T. 63d. 40m. . T. 37d. 02M. 
Again, 


A8. c. bum ſides 8. 2 their Dif: e I7PL .. + Sum Ang. 
As 8. 31d, zom. . 8. 71d. 30m, :: T. G 3d. 40m. T; 74d. 48m, 
Touch the half Difference above being aided ——378: 02M. 
The Sum is the Angle of Poſition at Z 111d. 50m. 
And {ubtrafted is the Angle of Poſition at L —=—374. 46m. 
For the Side ZL, the Diſtance, ic's found (b . Pol 
dection 2, Caſe 3. Problem 7. of Geography, in Pages 187 and 


. i 4 50d. 2 zm. Or 3 8 which is their Di- 
anc : the Al a great Circle, 


to had the Lalit by which the Arch ſhall paſs, at every 
40 dep. Difference of a, from 2 "repreſenting the, 


Lizard. 
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Lizard, deſcribe the Problem Gnomically, and then all the 
PR it will be Right Lines, which i is thus done. 


' The Problem Gnomicaliy delineated. 


„ Make the Angle LPZ equal to 52d. 40m. the Difference 
of Longitude. 

2. Make the Side PZ equal to the Tangent of 40d Dogrees, 
the Complement of the Lizard's Latitude. 

3. And PL equal to the Tangent of 77 Degrees the Com- 
plement of Barbadees Latitude. 

4. Draw the Line LZ, which is the Great Circle $ Diſtance 
between them, and continue it beyond 2. 

5, From P let fall the Perpendicular PB, to cut LZ in B; 
which being meaſured on the Scale of Tangents, is 368. 38m. 
the Complement of the Arch's greateſt Latitude. 

6. Then draw Lines from P, each 10 Degrees diſtant from 2; 
as Pa, Pc, Pd, Pe, and Pf, which are Meridians, each 19 Deg, 
of Longitude from the Lizard, and from each other. 
T. Meaſure Pa, Pc, Sc. on the Scale of Tangents, and i: 
fheweth the Complements of the Latitudes of the Arch, at * 
reſpective Places, a, e, d, Sc. 

Theſe are found by Calculation after this manner : 

Firſt. In the Rectangle Spheric Triangle PB; there is 
| Hypot. PZ 40d. oom. . 
given the RL PZB 824. rom. * find weg Auge BPZ, 
Which, by Chapter 5. Section 4. Problem 2. Cine and 6, of 

Spheric Trigonometry Recfangular, in Pages r 36 and 137, is thus, 
1. For the Leg PB, the Complement of the Arch's greateſt 
Latitude, it's thus ; z 

As the Radius, is to the Sine Complement of the gente 
gven Latitude, 

So is the Sine of the Angle of Poſition (at that Place, ) to the 
Sine Complement of the Arch's greateſt Latitude. That is, 
As Radius . Hypot. PZ : :S, Angle PZ B.. S. Leg PB. 
As S. god. . S. 40d. oom: : S8. 68d. 10m. yy 36d. 38m. which 
being ſubtracted from ——— — E god. oom. 


— —— — 
— ef arr 


Refts the Arch's greateſt Latitude 5 3d. 22m. 
2. For the Vertical Angle PBZ, it's thus; 

As Radius, is to the Sine of the greateſt given Latitude; 
So is the Tangent of the Angle of Poſition (at that Place 9 0 x 
| the ＋ angent of che Complement of the Vertical Angle. That 15, 3 


3 
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a adius . S. c. Hyp. PZ: : T. Angle PZ B. T. c. Angle BPZ. 


A8 8. god. . S. 50d. com. : : T. 68d. f om. T. Gad. 23m. which 
| being ſubtracted from —— — — god. oom. 


| Reſts the Vertical Angle 352 - — 25d. „ 


gecondly, To find the ſeveral Latitudes of the Arch at a, c, d, 
ee, you may conſider, that the ſeveral prick'd Lines Pa, Pc, 
e, are fo many Hypotenuſes, to as 1 Rectangle 
Spheric Triangles which have one common Leg PB, the Com- 
plement of the Arch's greateſt Latitude. 

in each of them, there is given a Leg, and its adjacent An- 
ge, to find the Hypotenuſe : that is, in the Triangle PBa, there 
is given the Leg PB, and Angle BPa, to hnd the Hypotenuſe, 
pa, and fo in all the reſt. 5 1 FRO 

And the ſeveral Vertical Angles BPa, BPc, BPd, &c. 
are found by a continual: Addition of 10 Degrees, to the Angle 
BPZ, 27d. 37m. till the Sum exceed not 80d. 15m. the Diffe- 
renee of Longitude given, added to the foreſaid 29d. 33m. 
That is; em. V 
To the Angle BPZ 27.37] Theſe Vertical Angles being 
Add the Angle LPA 10.90 thus found, the ſeveral Latitudes 

( BPa 37.37 [of the Arch at a, c, d, e, and 

dre 47.37 f, are found by Chapter 5. Sec- 

BPd 57.37 tion 4. Problem 3. Caſe 9. of 

BPe 67.37 | Spheric Trigonometry Reflangular, 
BPf 77-37 Vin Pages 137 and 138, the Pro- 


dum is the Ang. ) 


portion being the ſame as before, in Caſe 2. Problem f. of this 


Chapter, in Pages 190 aud x 93, and is as followeth, 


Ay Radius, is to the Sine Complement of the Vertical An- 
ues, So is the Tangent of the Arch's greateſt Latitude, to the 
Langem of the Arch's Latitude required, Or thus; 


As Rail. . S. Co. Bpa, Bpe, Sc.: T. c. Leg BP .. T. c. Pa, Pe, Hr. 
458.990. .. S. 52d. 2 3m.: : T. 5 3d. 22m. T. 46. 40 | 
| 42d.2z109vÆ — — 42.1 | 

32d,23M mw—_ — 5.40 Lat. of 2d 
22d. 231 —— —— 27.07 
12d.2z 1 —— 16.05 


792 


Which Lautudes, place in the Table following. 


Thirdly, 
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Lizard, deſcribe the Problem Gnomically, and then all the 
parts of it will be Right Lines, which i is thus doing. 4 0 


The Problem Gnomicall delineated. 


"0; Make the Angle LPZ equal to 52d. 4om. the Difference 
of Longitude. 

2. Make the Side PZ equal to the Tangent of 40d Dogrees, 
the Complement of the Lizerd's Latitude. 

3. And PL equal to the Tangent of 57 Degrees, the Com. 
_ plement of Barbadoes Latitude. 
4. Draw the Line LZ, which is the Great Circle? 8 Diſtance 

between them, and continue it beyond Z. 

5, From P let fall the Perpendicular PB, to cut LzZ in B; 
which being meaſured on the Scale of Tangents, is 36d. zom. 

the Complement of the Arch's greateſt Latitude. 

6. Then draw Lines from P, each 10 Degrees diſtant from Z; 
as Pa, Pc, Pd, Pe, and Pf, which are Meridians, each 19 Deg, 
of Longitude from the Lizard, and from each other. 

7. Meature Pa, Pc, Sc. on the Scale of Tangents, and i: 
theweth the Complements of the Latitudes of the Arch, at the 
reſpeCtive Places, a, e, d, G . 

Theſe are found b Calculation after this manner 
Firft. In the Rectangle Spheric Triangle PBZ; there. is 
Hypot. PZ od. oom. 1 . c 14 BP 
_ given the 44 PZB 68d. rom. * and oh Ale BPZ. 

| Which, by Chapter 5. Section 4. Problem 2. Caſes 4 and 6. f 
Spheric Trigonometry Rectangular, in Pages 1 36 and 137, is thus, 

x. For the Leg PB, the Complement of the Arch's greateſt 
Latitude, it's thus; ; 

As the Radius, is to the Sine Complement of the oreateſ 
- Sven Latitude; © 

80 is the Sine of the Angle of Poſition (at that Place, ) to the 
Sine 1 min pe im of the Arch's greateſt Latitude. That is, 


488. god. . 8. 40d. oom: 28. 68d. 10m. 1 36d. 38m. Which 
being ſubtracted from ——— _ —— jpg os oom. 
Reſts the Arch's greateſt Latitude « 
2. For the Vertical Angle PBZ, it's thus; 
As Radius, is to the dine of the greateſt given Latitude 
80 is the Tangent of the Angle of Poſition (at that Piac* 5 0 : 
the Tangent of the Complement of the Vertical Angle. That 3 
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As Radius .. S. c. Hyp. PZ: : T. Angle PZ B. T. c. Angle BPZ. 
As 8. god. S. g od. 00m. : : T. 68d. t om. T. Gad. 23m. which 
pheiug ſubtracted from — — 90d. oom. 

Reſts the Vertical Angle BPZ — 27d. 37m. 


gecondly, To find the ſeveral Latitudes of the Arch at a, c, d, 
:2;, you may conſider, that the ſeveral prick'd Lines Pa, Pe, 
e, are fo many Hypotenuſes, to as r li -—1 Rectangle 
Spheric Triangles which have one common Leg PB, the Com- 
plement of the Arch's greateſt Latitude. 2. 

in each of them, there is given a Leg, and its adjacent An- 
ge, to find the Hypotenuſe : that is, in the Triangle P Ba, there 
is given the Leg PB, and Angle BPa, to find the Hypotenuſe, 
Pa, and ſo in all the reſm. POR 
And the ſeveral Vertical Angles BPa, BPS, BPd, &c. 
are found by a continual» Addition of ro Degrees, to the Angle 
BPZ, 27d. 37m. till the Sum exceed not 8od. 1m. the Diffe- 
cence of Longitude given, added to the foreſaid 25d. 37m. 
That is; n „ 
To the Angle BPZ 27.37 Theſe Vertical Angles being 
Add the Angle ZPA ro. oo] thus found, the ſeveral Latitudes 


_ E— 


( BPa 37.37 [of the Arch at a, c, d, e, and 
dre 47.37 f, are found by Chapter 5. Sec- 
BPd 57.37 tion 4. Problem 3. Caſe 9. of 
BPe 67.37 | Spheric Trigonometry Reflangular, 
BPf 77-37 Vin Pages 137 and 138, the Pro- 
portion being, the fame as before, in Caſe 2. Problem f. of this 
Chapter, in Pages 190 aud 193, and is as followeth 


4s Radius, is to the Sine Complement of the Vertical An- 
4cs; 50 is the Tangent of the Arch's greateſt Latitude, to the 
Langem of the Arch's Latitude required, Or thus; 


A Rad. .. $.Co.BPa,BPc, Ee, : Tic. Leg Rp.. T.c. Pa, Pe, Gr. 
159.900. . 8.52d.23m.: : T. 5 3d. 22m... T.46.49 


| Ya 
42d. 231 —— 442.71 c 
32d. 231 — 3540 Lat. of 2d 
22d,23M —— ——— 27.07 . 
12d. 231k — 710.05 F 


Which Latitudes, place in the Table following. 
Thirdly, 
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Place ler ir. Difference \Dif. 
S Lati- dional Diff. of Lan- of 
tudes, Parts. Lait. gitude. Lat. 
— 1 . 
d. eee eee ee 
50.00 3424 Min. d. f m. d. m. 


or 600 11 
40.40 40.49 3187 * u 7 * 


Courſes from Diilmn 2 
Place to | cer of 


>| 


— 
N 
0 
— 

— 

0 


— 
* 
— 


— 


of 
do 
J 
* 1 
| Id 
1 
N 
S | 
' 
He 
8 


U 
A 
* 
Dj 
2 
O 
— 
| 
j 


— 10 165 or boo 125 844. £45 hog 720 


———ů cm. 40+ + — —— 2 > 


19.0 1 | 8 ol a 2 . e att 
| e 191 25 oro or 150 3.051 5 * 


25 The Whole Diſtance | 3 


5d. The Courſe, and Diſtance in the two . of 
this Table, are found by Chapter 4. Section 3. Problem 2, of | 
Mercator s Sci, in pages 93 end 94, in the fame manner as 
in the two laſt Problems in this Chapter ; thus, 
** 1. For the Courſes, the e is, 3 
As Mer. Dif. Lat. Diff. Long. : ; Radius. T. ofthe Cour /erequir. Y 
As 287 Min. 600 Min. 1. . 1. 1 22m. SW. from 7 tc ny 
— 5d den 8 W. 4 
610 — — ICS zom) from <4 i 
713 — — 40d o5m\. 01 


. As 191 Min. -- 160 Min.:: T. 45d. T. 38d om (i wy 


—_—— 


8 
of 


5 lala! 
| 
| 

— 
Ln 
WW 
= 
IM 
10 
2 | 
S 
8 
bat | 
— 
. 
2 
22 
+ 
O 
oO. 
Ut 
OX 
18 


391 — 


45 — - 


Bhs 2. For the Diſtances, the Proportion is, 4 
As S. c. Courſe .. Diff. Lat.: : Radius . Diftance required. 
As S. 25d. 38m. . 191 Min. : : S. od. . 441 Min. from 2 0 
| 337 OS .. 278 — — — 509 250 C 3 

304 om... 385 — — bog} Cows 
450 ZOM «+ 519 — —— 728 » from doe 
49d 55m 6622?) — %5\ e t 
51d 50m. 185 —— 235 101 
Thus is this third Problem ſufficiently explained in every par 


NY I 
Caſe 3. The third Kind; Ons Place in North Latitude, a 
Ike other in South Latitude, as for Example. f | 
Problem 4. Suppoſe Cape Cod is New England, and Cb 
Bona 3 — 1 I demand the Angles o 5 Poſition ? The Gris | 

a 


Circles Diftance between them ? The Pitude of the ng E . 


7 } 
Duo n 
4 4 
e 
Vs 7 
SET 
Er E 
* 9 


1 
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\ Degrees Difference of Longitude ? the Courſe and Di- 
each according to Mercator? 

Latitude, and Longitude of theſe FED. ſuppoſed to 
lows 3 


2. Oe he d. m. ww: 
3 . { 42 10 N. 867 45 
n Eher. Lat. 34 25 8. FLongn. ? 17 10 E. 
r Difference of Longitude — 84 55 


e Oblique Spheric Triangle PZ, Plate 6. Furs x 
repreſents Cape God, in Latitnde 42d. om. Noitl 
Cape Bona Eſperance, in Latitude 34d. 2 5m. South. 
las Side PZ the Complement of the Latitude of C. Cod, 


he Side PD, the diſtance of Cape Bona E RES from 
rth Pole, which is its Latitude added to go Degrees 
124d. 25m. 
— 1 ZPD their Difference of Longitude, 84d. 5 m. 


Cod. 
i 7 ” © the Angle of Poſition at Cape 5 Bona E Herunce. 


e Side ZD the Great Circle's Diſtance between them. 
the Angles PZ D, and PDZ, (by Chapter 5. Section 5. 
9 Caſe 7. in Pages 144 and 145, the Proportions are, 


. | di. m. 

ti! 125 ae The Angle DPZ 84 55 
| 47 50 ee ee 
— d. m.] The half is 42 27 
n 172 15 The 3 Sum 86 o/ Which ſub. from o o 
r 76 35 The + Diff. 38 17 ULI. Complement 47 33 


* Sumſi des .. S. atheir Diff: T. c. Z PD.. T. Diff 2 
oym. 150 38d. 17.: T. 474. 33m. he . 10M, 
% Ses 51d, 43m. — — THe zom. 
, giveth the greater Angle PZ DD — 110d. 30m. 
92 is the leſs Angle PZD 93 51d, 191, 10m. 
WF: Diſtance ZD is found by Chapter z. Section 3. Caſe 3. 
8. of Geography) in Pages 188 and 189, to be 708d, : 
65 390 Minutes. f 
ad the Latitude by which the Arch ſhall paſs at each 
= N ees Difterence of Longitude from Z, Sucre (avon Cape 
ride the Problem Stereographicaliy on the Plane of the 
T and then all the Meridians will be Right Circles. 
It ©incate the Problem Stereagraphicall, Plate b. Fig. 3˙ 


in the two laſt Problems in this Chapter 3 thus, 
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\Places Meri-(Mer, | Difference Di,. CD from 
Lati- dional Diff. |. of Lon- | of } Place to 
tudes. Paris. Latit. T gitude, Lit Get 


=" 


—— 
d. m.] Min. 
sa g Mild ed 
46.49] 3187 . or boo, 3 118.42 
iT 11 | 2796 391 [10 or "500 85657 2d 4 
495 j10 or boo 6.2508 50.30 W 


T.. Jags ld 
324") 670 A o or bao. 8.3 8 44. W 


BP 1 978 713 10 0 or bo 690 II. 11.02]S 40. d 40.05 WW. 
13:00) 789] 29% (2249 er 160 3.05} —_ 


Tis whole Diſtance Ny 


— A——. 


SY — 00K gs wee. 


— 


ä 


5 512 5: IN 


— 


2 


* * 


— — — 


—— 


Thirdy, "The Courſe, and Diſtance in the 1 two Colu Bn: 
this Table, are found by Chapter 4. Section 3. Problem 
Mercator s Sci ing, in pages 93 n 944 in the fame mah 


1. For the Courſes, the Proportion is, 3 

As Mer. Di. Lat.. Diff. Long. : : Radius. T. of the Cour /e 

As 287 Min. - booMin.: T. 454. .. T.bq.22m. SW. from 1 

—8⁰. 55m) ( 

50d 3omf @. 

10 — — ——_—_——_ — 4,4. 30m, 

71 — — 40d orm 

As 191 Min. -- 160 Min.:: T. 45d. T. 38d o8m 

2. For the Diſtances, the ny is, 3 

As S. c. Courſe . Diff. Lat.: : Radius . Diflance 1 f 

As 8. 25d. 38m. 191 Min.: S. God. 441 Min. from 

330 OM .. 278 50 , 
bog on 


39d 30m. 365 — —— S 

| 450 3om. 519 — —— 728 5 from d;, 

49d 55m 662 !? - 805 \ 11 
1d 50M +: 185 — - 2350 (f 


Thus is this third Problem fufkciently explained in everf a 
ef it. = 
Caſe 2. The third Kind ; Ou Plate in North Larne @ 
the ather in South Latitude, as ſor Example. | 
Problem 4. Suppofe Cape Cod iz New England, 4 W 
Bona Eb demand the Angles 6 Po fin? The Of | 
Circles Diſtauce between them ? The Latitude of the * 
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er 10 Degrees Difference of Lon * ? the Courſe and Di- 


Jance of each according to Metcator ! 
"1 Latitude, and Leske of theſe Places, ſuppoſed to 


de as TOURS ; 


| "6 m. d. m. w. 

| Cape Cd 42 10N. 967 45 

| Cape Bona Eher. Lat. 34 25 8. $Longit. 9 17 10 
Their Difference of Longitude —— — 8 55 1 


{n the Oblique Spheric Triangle PZD, Plate 6. . 
| 7. 7, repreſents Cape Cod, in Latitade 42d. 1om. Nan, 
2. D Cape Bona Eſperance, in Latitude 34d. 25m. South. 
* A Side PZ the Complement of the Latitude of C. Cod, 
I 18 The Side PD, the diſtance of Cape 1 E 3 from 
e North Pole, which is its Latitude added o 90 Degrees 
24d. 25m. 
ee Angle ZPD their Difference of r 84d. 5 * 
ö. PAD 4 

. PDZ © the Angle of Poſition at Cape } Band Eſperance. 
' The Side ZD the Great Circle's Diftance between them. 
„„ ic Angles PZD, and PDZ, (by Chapter 5. Section 5. 
L . oblem 9. Caſe 7. in Fages 144 and 145, the Proportions are, 


om 


„ 3 d. IN» Mc EAR | d. * 
ern The Angle DPZ 84 55 
a”. SG * 
 —— di. m. The half is 42 27 
a The Sum 122 5 The Sum 97 Which ſub. . owes 00 


5 anf des . BE Bp. T. 8516 2D. Dif. 1 
4 3.86 0m. .. S. 38d. m.:; T. 47d. 33m. Tip . IOM, 
1 g gm. ., © 51d, 43m. — — 154 zom. 
Added, giveth the greater Angle PZD —— 1104. om. 
dahtracted is the leſs Angle PZD — Ji iom. 
| The Diſtance ZD is found by Chapter g. Section 3. Caſe 3. 
Problem 8. of Geography) in Pages 188 and 189, to de 108d. 
Im 07 65 390 Minutes. 

12 and ho Latitude by which the Arch ſhall paſs at each 
% D:1:2es Difference of Longitude from Z, repreſenting Cape 
Gi; ; -uicribe the Problem Stereographically on the Plane of the 
Eamon, and then all the Meridians will be Right Circles. 

To, ©2lincate the Problem Stereagraphically, "oo | 6. Fig. 3. 


1. De- 


206 Great Circle Sailing. Chap. vir, 

t. Deſcribe the Primitive Circle, and make the Angle Dpz 
equal to 84d. 55m. the Difference of Longitude (by Chapter 5. 
Section 1. Problem 2. Caſe 1. in Page 112 of Spheric Geom-:ry.) 
by drawing two Right Circles. | 
2. Make the Side PZ equal to the Half Tangent of 470. 
zom. the Complement of the Latitude of Cape GE. 

3. And PD equal to the Half-Tangent of 124d. 25m. (the 
Latitude of Cape Bona Eſperance added to god.) by Chap. 5. Sect. 
1 Prob. 6. Caſe 2. of Spheric Geometry, in Pages 116 and 17. 
4. Then by Chapter 5. Section 1. Problem 4. of Sheri 
b (in Pages 11 3 and 114) through Z and D draw 2 
Great Circle. 
F. From P (by Problem g. of Spheric Geometry, in Page 114) 
let fall the Perpendicular PB, to cut ZD in B; which being 
meaſured on the Scale of Half-Tangents, is 40d. obm, the 
Complement of the Arch's greateſt Latitude. 

6. Then draw Lines from P, each 10d. diſtant from 23 25 
Pa, Pc, Pd, Pe, Cc. which are Meridians, each rod. of Logs 
rude from one another, and from the Meridian of Cape Cod. 

7. Meaſure Pa, Pc, Sc. on the Scale of Half- Tangents, 
and it ſheweth the Complement of the Latitudes of the Arch 

at the reſpective Places, a, c, d, &c, 
© "Theſe are found by Calcuation after this manner, which | s in 
al reſpects like the Work of the laſt Problem. 

Hirſt, In the Rectangle Spheric Triangle PBZ 
” I, For the Leg BP, the nen of the Arch's greateſt: 
Latitude, it's thus ; 
As Radius . S. Hypot. PZ. 8. Angle PZ B. S. Leg PB. 
As S. god... S. 47d. om. : : 8. bod.” 21m. . S. 40d. obm. 


Which ſubtract from VO Bae — god. oom. 
Reſts the Arch's greateſt Latitude 4%. Sam. 


2. For the Verticle Angle PZB, it's thus 3 
As Radius .. S. c. Hypot. PZ: 1 Angle . T. e. A525 BPZ 
As 8, god... 8. 42d. 10m. : : T. Cod. 21m... T. 49d. 42m. 

Which fubtrafted — ama; ——god. oom. 
Reſts the Vertical Angle BpZ — 40d. m. 

Secondly, For the ſeveral Latitudes at a, c, d, Cc. add rod. 

to the Angle BPZ, (in Continuation) Eight times, which 2 


duceth the ſeveral Vertical Angles, BPa, BPc, Bpd, Oc. Ts 
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RP | 1 Theſe Vertical Angles be- 
d. m. ing thus found, the ſeveral 
To the Angle BPZ. — 40.18 Latitudes of 'the Arch, at 
11s "he Angie 2 Den Tc , e d, E, f g, Bp and * 4 


© BPa z. 18 are found by Chapter 5. Se- 
(BPS 0. 18 ction 4. Problem 3. Caſe g. of 
m. is the Angle BPd 70.18 Spherical Trigonometry Nn. 
Sum, 35 Be So. 18 angular ; the Proportions be- 
BPf po. 18 ing the Tame as before in 
BR too. 18 Caſe 2. Problem 1. of this 
( BPh 110. 18 Chapter, in pages 193 and 
BPI 120. 18 194, as follows. 


As Radius, to the Sine Comp lement of the Vertical Ani 

So is the Tangent of the Arch's greateſt Latitude, to the 
Tangent of the Arch's Latitude required, Or thus, _ 
AsRadius .. S. C. e Sc.: Te. Leg BP .. * a fe, pan 10 
ASqod. .. 8. 394 42m. : T. 40d. cam... T. ORE 2 T 


„42m — — 30 26 


to fam ' — 21.49 KY 

0909.42 ——— ——— 11.19 2 2 

5 1 2 ood. 181 r é 0c. 21 8 E 
tod.1 m — —— 11. fo 8 
ü 20d. 1818 — . i 


Thirdly, For the FEE and . . are PIR by 
Chapter 4. Section 3. Preblem 2. of Mercacer 4 Sailint, in 
Pages 04 and 94. as follows. 


For the Courſes, the Proportion is, 


Mer. Diff. Lat. . Diff. Long. : Radius. T. Courſe. 
ien. , booMin.: : T. 45d. . T. 55d. 03m SE, from Zoe 
| + 5 


N 2 I, „a toc 
bo —— — 42d. 1 bm N dto e 
704 —— — e 40d. 26m 8. E. 2E to F 
702 — — — 40d. im from x tog 
655 — — — 42d. 3om . 0 o h , 
+ þ 574 — — — 46d. Tm fh oi 
To %249Min. . 295 Min.:: T. 45d. . T. 49d. om Ci to 


For 
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As S. c. Courſe , 
As b. 32d 57m... 299 min,: 


* 
2 


. —_ 
— 1 


* 


o ol % 
* \ 1 9 * : ** — N hy 
b I, Od 0 2+ Ore * * p 40 Vf A % e by = Þ 0 
WS W.. WJ de vo WL \ N n ung * oy * 
a 5 of * IN 3 W » © * EXE? ih F Nr: * * 
N 4 y 5 8 ge Wet e 9 


4 14 y 
8.58 þ vx F OD, * 
0 5 ; 
. J ? 
7% - 9 
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2. For the Diſtances, the Proportion is, 


Dil. Lat.: 


N. Nan 


Radius Diſtance require, 


8. god... 550 Min. from Z to 

| 300 57m. 403k | = 641 A tO c 
43d 56m. 519 eons ——748 c to d 
47d 4am. 630 —— 857 d toe 
. 42 34+! JOG % — 920 eto 

| 470 Z3om 624 — — 847 g do h 
1 44m 513 — — 742 h [G1 
40d 10m «- 20g — 24 i to D 


Which place Wen as in the Table - ge nd it's finiſh'd, 


4. Section 1. Problem 1 and 2, of the Ve of Merecator's Chart, 


"_— 


Ie N nn: Dee. ence | Difference 1 Dit. 
E | Seth | dias | DI of [from Pla, f, 
2. Parts; Lat. loc Latitude. to Place. Places 
e 15 1 

A 'n. {Min doonlod Jon . 
Z/42.10N[2795.[Min-1d. in di. mJ d m. |. 
4 3711 2406 389 10 or 600 4.59 or 2991S 59 03 E 550 
© (30.28 1929 |= 10 or_60o| 6.43 orgo3|3 * 
T2149 [1343 5 or 600 8.39 or 3198 46.04 E 
Silbe er 6204t0-30 or 630 42.16 E $51 
e 11.198 683 | —— ae deze; valle 2k Br A 
F CozrS ar 4 os tooftr.qo or 7008 40.26 Ef 9:0 
12 * 2 10. of. boo II. 11.38 or 69 69865 45.31 E 918 
11 1 1.655} 10 or 500 10.24 or 624 42.30 BY $47 

4 „ - þ 5 : i — — — 1 — — — — 
i 130.56 | 105: = _— 8.33 ph on 742 
7 Þ Bf aan | © 9 14-55 Or 2951 z. 29 or 200ʃ8 49.50 1 324 
— 134-25 ee E The whole Dittance 1 Is —— 654! 


Note; The Arch of a great Circle may 35 deſcribed on 1 
Mercator's Chart, and thereby much of the Calculative Wort 
may be ſpared ; for having the ſeveral Latitudes of ihe Ar 
at every 5, or 10 Degrees Difference of Longitude, (by Chap. 


in Pages 84 and 85, thoſe places 


place to place, which will 


be 


prick'd down in the 
Chart, and then with a Black Lead Pencil draw Lines from 
repreſent the Great Circle, and hy 
Problem 3 ard 15 of the Uſes of that Chart, in Page d 7 
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Courſes and Diſtances from each other may be found, and 

Time thoſe Lines may be wiped out, and the Chart fit 
5 ve at any other Time, or for any other Place. ? 

go that any Problem, being thus drawn in a Mercator's Chart, 


— — 


the nearer the Ship fails to it, the nearer to a Great Circle ſhe 


makes pet Way good, and conſeqently the ſhorter her Paſlage; 


this eine the only thing Great Circle Sailing is aſeful for, o 
which 1 have faid enough to explain it. 


Thus is finiſhed the Third Part of Navieationy or the Tir F ? 


Kind of aaa nd now we paſs on to 2 
Ee "CHAPTER If 25 - 


© . 


Spheric Trigonometry applied in fundry Aftronomic 
Problems, uſe eful in the Art of Navigation, 


Wt HAT a Sphere or Globe is, and the Circles generally 


irawn on it hath been taught (Chapter 6, Section 2, and 


the Deſcription of both Globes: But how theſe are drawn 
on 2 P ane, and form divers Triangles, (from whence multitudes 


dl aſctui and pleaſant Problems my. be framed,) is = preſxat f 


V { TY 
? AS 4 „ 


Section I.  Afronemic Definitians. | 


6 Ie” E Circles drawn upon the Sphere” 9 Surface, ate either 
zreat, or Leſs Circles. 


I. The Great Circles, and heir Poles deſcribed. 
ef Circles, are thoſe which divide the Globe, or Sphere into 


iwo <qual Parts, and are principally theſe Six ; the EquinoQtialy 
Ecliptic, Meridian, Horizon, Azimuth, and Circle of Lone 5 


. . et 


The E FEY] is a Great Circle which Res in the Mid- 


de, between the two Poles of the World, and conſequently 
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dach Pole is go degrees diſtant from it, cutting all Meridi- 


aus at Right Angles, and divides the World into the Northern 


al Southern Hemiſpheres, as the Right Circle AQ, in 
_ 7. Fig. 1 and 2. 


* Poles of the World are two fixed Points in the Heavens, 


ally oppoſite to each other, the one in the Northern 


He 1 called the (Artie or) North Pole, the other in | 
} 801 4 75 Hemiſphere, called e (Antartic or) South PoE _- 
FE 1 2 | 


4 


*xis pf the World, is an imagi Lite dawn from 


Fole, about which the Diurnal 2 2 ſuppoſed) bh 


= Last ro Welt, is performed; as PAI. 
© 


| 2. The . 


_ HD RR DE RE REY eee * 
CY 8 7 


210 1 Definitions. 1 Chap, N. 


2. The Ecliptic (is a great Circle) croffing the Equinoctial in 
(two oppolite Points, the beginning of Aries and Libra, making 
an Angle) called its Obliquity) of 23d. 3am. as the Right 
5 N Circle, 800 Pute 7, Figure 1. 
as This Circle is divided into Twelve equal Parts called dens, each 
containing 30 deg. whoſe . and Rs follow. 


4 3 cor pin 5 
. ng [ Sagittarius 7 AI 
Capricornus Vl. 9 
Aquarius — RN Signs. 
+ 1 Piſces -—— 


The Zodiac, is a Zope or Girdle, having eight Degrees of 
Latitude on each Side the Ecliptic ; in which Space, the Planets 
make their Revolutions, being divided and diſtinguiſhed by the 
Twelve Signs. 
The Poles of the Ecliptic, are two oppoſite Points 23d. 20m, 
. diſtant from the Poles of the World: as K and LL. 

3. The Meridian are great Circles, paſſing thro* both Poles 
of the World, and croſſeth the EquinoGtial at Right Angles, as 
PEI, and PMI, Sc. Plate 7. Ng. 1// and 24. + 

The Colures, are two Meridians dividing. the uinodtia 

f 2nd Ecliptic into four equal Parts; one of theſe paſſeth by the 
'Þ Equinoctial Points, Aries and Libra; 1 bo called the Equi- 
: noctial Colure. as PAL Piate 5, Figur I 
{ The other paſſeth by the Beginning of of 8 and Capricorn, 
und i lee Solfitial Culre 3 as PS AIWQ, Flite 7. | 
Ngure 1 
The Sun's Meridian, is that Meridian which paſſeth over | 
the Sun's Center. 

„ : A Star's Meridian, is that Meridian which paſſeth tliro* the 
11 middle of that Star. 
4. The Horizon, is a great Circle go dex; diftant from the 

Zenith and Nadir, cutting all 3 at Right Angles, and 
dividing the World into two equal Parts, the upper and * 
Hemiſphere, and the lower and invifible Hemiſphere, This 
Circle is repreſented by the Right Circle RAB; Plate . Fig. 3. 
The Zenith and Nadir, are two Foints diametrically oppofte, 
and are the Poles of che Horizon: The Zenith: is the Vertical 
| Point, or Point right over our Heads, as. Z. Toy Nadir 1 
f . oppoſite thereto, as N. Plate 7. Hg. 
he Azimuth, or Virticle Circles, are great Circles con- 
curing and mieten each other in the Zenith and 1 


r — 
rr 


$3 X5% 


Place, as APBNISAS, Plate 51 Figure 2. 


nation. 


Ecliptie, bow qo 
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ad croß the Horizon at Right- angles, W mid Z AN, &c. 


The Prime Vertical, is CEN rimuth Girel & Which paſſeth 
through the Eaſt and Weſt Points of the Horizon, as the I 


Circle ZAN, 


The Meridian of a Place, is that Meridian wt ich paſſerh thro” 
iz Poles of the World, and the Zenith and Nadir of the faid 


6. Circles of Langitude, are great Circles interſeCting each = 


e as KAL and XVI. Plat 


_ Figure 1. 
U. We Left Circles n 
Leſs or Small Circlts, are thoſe which divide the Bphere into 
two — Parts, and re drawn parallel to fone great Circle, 
and therefore are called Parallel Circles; 2 of three kinds, 
viz. Parallels of Declination, Farallels 0 t Latitude, and Paral- 
gels of Altitude, 


i. Parallel of Daclitation avs (faall Circles) parallel to the 


Equinoctial; every Degree and Minute 
of the Maridiang between 1 | ino>tial and each Pole of the 
World, as & fg, and hi. 7. Figure 2. 


Tre Tropic are two Pale of Declination 23d * 
dane from the EquinoQial, limiting the Ll 5 wy li 


The North Tea paſſeth by the be cgi 


alled the Tropic ws 
The « wh, 1 1 8 th oF 4 13 


beginning of Capricorn 
and is called the 2 bee apts e, . 


ture the 1ſt. 


The Polar Circles, are two Pat | 


011, diſtant from the EquinoCuial, and 
Pole of the World. 

That which is adjacent to the Notih Pole, is called the Artic 
Circle, as Kno: and the other the Amtartic Circle, a Lt. 
Plate 7 8 Figure £ the 1f. 
2 ellen of dene 21 (Small Circles) parallel to che 

to ough every Degree and Minute 
of the Colures, be bel ce the Eli and the Poles thereof, as 
wxy. Plate x. Pigutt 1 

3. Aimitanthork, or Parallels of Altirude, A ſmall Circles 
parallel to the Horizon, i to paſs through eve 
and "ute of the Meridian, between the Horizon che Ze- 
ain, alt. Plate 2 A 2. 

Q 2 , Theſe 


; CE LE IT ETEENITY — PII CA oy ne 
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4 212 Afronomic Problems. Chap. IX. 
1 Theſe Definitions compar d with Chapter 6. Section 4. (/ 
1 the Uſe of the Ceeleftial Globe, in pages 168 and 169.) and 
well confider'd, will Re: *. for the. Poder andi "Uhe fol 
lowing Problems. 5 55 


MY 15 


Section U. Spheric ha Royale, 3 in 5 o- 
Aggmis Problems, Aſeful in Navigation. 


A NS becauſe the Sun's Place in the Ecliptie, is the Ground 
4 of the ſuccreding Problems, you have here (out of Mr. 
T ho. Street's Memorial Verſes on the Eccleſiaſtic and Civil Ka. 
lendar) a General Rule 3 which for common Uſes may ſerye, 
and is as follows. 
1. To know the Day of th Month the Sun enceret any 7 of th 
Twelve Signs. 
The Rule, Twice , twice 20 4 Twelvs 113 
Then 10, then 9, then 8 or 7 | 
That Þ, counting March the firſt Mont! „ the Sun enters 
1 March. 9 | ©, Tullfmmnnnnnl2 7 November 11 
& April 9 TR Auu⁰ . 12 December 10 
m May 10 1 September — 12 — January 
& June 10 m, October - 12] e February 3 


2. To find the Dart of the Sims Plate on any given Day. 
The Rule. From the Day of the Month given, (if you can) 
ſubtract the Day of his Entrance into the Sign of that Month, 
the Remainder is s the Degree of the Sun' 's Place in that Sign 
Or elſe, © | 
x When you can't ſubtract, add 30 to the Day given, and from 
N the Sum ſubtract the Day of the Entrance into the Sign of that 
. Month, the Remainder ſhall be the Degree of his Place ! in the | 
3 Sign preceding the Month given. 
Example 1. March 20th, I deſite to know the Sun's Place? 
f From March the 20th, the Day given, ſu btract the Sun's | 
| Entrance, Y March q. = 1 
1 The Remainder 11 is the Degree of the Sur s'Place in Aris. 
Example 2. May the 4th, 1 defire to know the Sun's Place? [ 
af A the Day | * Mey * 


| 
W . four which 2 
Subtract the Sun's Entr. into rar W . a 


Remainder j is the San” s Place in N 44 e 5 Y | 
2 ON Prob, 6 
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Sect II. eee Problems. 1 


nation given; to apy his Right Aſcenſion, and t 

Declination. 

Definition 1. Aheenf jon, is the Riſing of the Sun, Star or any 

part of the Equinoctial above Ute" Hofizon and Deſcenſion Is 
the Setting thereof. 

-. Right Aſcenſion, is an Archi of the Equinoctial, intercepted 
between the beginning of Aries, and any Meridian, and counted 
according to the Order, of Succeſſion of the Signs : Or, it's 
that Degree and Minute of the Equinoctial (counted as before) 
which cometh tò the Meridian With che Sun, Star, or with any 
yart of the Ecliptic; as AM. Plat . Figure 1. 

3. Declinatien, is an Arch of a: Me ridian contained between 


the Sun, or Star's Center, and the E. quot, as MC. 


4. The Sun's greateſt Declinatjon is an Arch of the So)ftitial 
Colure, contained between the Equinoctial and the Ecliptic, and 
is equal to 23d. zom. as E, and Q. Plate 7. Figure 1. 

Example. The Sun in Taurus, 240. 15m. 1 demand his 


: Right Aſcenſion, and Declination * 


In he Rectangle Spheric Triangle AMC. Plate 7. Thur 1. 

8 4 AMC the Right Angle. 

2 AC The Sun's Longitude from the next Equinoftis| Point. 
C AM his Right Aſcenſion from the ſame Point. 

+. MAC the Sun's greateſt Declinatioh, equal to 238. zom. 
$5, MC his preſent Declination. 

; os The Sun in Y, &, It, W, , X, the neareſt Equi- 


nota Point is the beginning of Y 1 But when the Sun is in 


5, H, N, , Th, or $, the neareſt Equinoctial Point is =. 

7b that in this Problem, the Sun being 1 1 Taurus 24d. 1 5m. he 
is 544. 15m. ſrom the neareſt Equinoctial Point Aries. | 

To Project this Problem Stereographically on che Platie'of the 
Solſtitia! Colure. | 

1. Deſcribe the Primitive Circle with 2 Chord of 60 Degrees, 
and quarter it, with two Right Circles, AQ {the Equinoctial) 
and PAT the Equinactial Colure) placing A at its Center, which 
now 13 the Solftitial Colure. 

2, Make (by Problem 2. Caſe 1. of Spheric Geometry, in 

e 112.) the. Angle I A & equal to 23d. zom. (the Sun's $ 
Zrentelt Declination (by laying the Chord of it, from Æ to . 
ned Ira awing the Right Circle & As the Ecliptic. _ 

2 The Ecliptic is divided into the 12 Signs, each 3od. from 

de of Half-Tangents, by Problem 6, Cafe 2, of Spheric 

ban ne in pages 116 and 117. 


93 £ On 


Problem t. The Sun' s Place in the Ecliptic, tad his greateſt De- 


when be! i in the firſt Quarter of the Ecliptic ; Gur 


IE I $M. :: 71 25 
8 Sur being 1 in any of theN 
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4. On the Ecliptic make AC equal to "$48. I. © Þ the 
Scale of Half-Tangents) by the ſame Problem 6. 
5. Then (by Chapter 5. Section 1. Problein 5 * 2 ä Eo 
Spheric Geometry, in Page 115,) draw from Ca gr Cir Wh 


pendicular to AAQ, as is the Qblique Circle PC MI, to out 
AAQ in M, and it's done. 


For in the Rectangle Spheric Triangle AMC, the Legs AM, 


and MC, ate the two Things required, and may be meafured by 


Chapter 5. Section 1. Problem . Caſes 2 and 3. of $phertc 

Geometry in Page 118. 
But by Spheric Trigonametry, having the RT and one 
Angle given, the Proportions are as ow. 
1. To find the Sun's Right Aſeenſion, by C $. Section 
A Nen 55 of Spheric Ti na & angular, in 

Page 1 Wo 7, it's th; 

the W is to the Sine Complement of the Sun's greateſk 


bes ation; 


So is the Tangent of the Sun's Longitude from the beuel 


Equinoctial Point, to the Tangent of the Sun's Right Aſcenſion, 
from the ſaid Point. Or thus; 


- AsRadivs .. . c. Angle MAC : : T. Hy Hypot AE. . 
4 52M, 


As S. od . 5. 66d, 3am. : 17. 
Note; This Preportion finds the Sun's acht gear only 
ts, ii F. 

N, or f : But when the Sun is in the ſecond Quarter &, H, 
TR, it 9 be ſubtracted from 180d, and when he is in =» 15 
or T, it mult be added to 180d. and in the laſt Quarter Vo, 4 
or Me, that found by this Proportion, muſt be ſübtracted from 


60d, and fo will you have the Sun's Right Aſcenſion from Y, 
c for * Place in the Ecliptic) delired. 


Ta find the Sun's preſent Declination, by Chapter 5 


Section CE Problem 2. Cafe 4. of Spheric 3 Reclan- 


zular, in Page 136, it's thus; 
As the Radius, is to the Sine of the Sun' sLorgirade from the 


20 Equinectiat Point; 


So is the Sine of the Sun's wass Deelination, to the Sing 
1 the E $ preſent Nen 


N ypot. AC:: Angled AI S Leg MC 
1 9 Ic 


om. * 18d. 5m. 
m Signs, T, n: 


I M, his Decli [ New 6 E of the 
A, or M, his Declination is 2 ih aka 1 
* Fer 1 


200. 


Southern Signs „„, us; 
In chis News e nk Ble 


may the two ſucceeding — be reſolve 


F 


Fect. II. Aronomic Problems. | 5 
Preben 2. The Sun's Right Aſcenſion given; to find hs 
Place in the Ecliptic, and his Declination ? rome 
Example. The Sun's Right Aſcenſion 128d. gm. Where is 
his Place in the Ecliptic, _ what is his Declination? n 
Here is one 4 and its adjacent Angle given; to wit, the 
leg AM grd. 54m. the Right 1 (ſubtracted from 
36cd.) and Ante MAC 23d. zom. the Sun's greateſt Declina- 
tion 3 which Triangle is made by Problem 12. of 8pheric Trigo- 
nemetry Geometric, in page 125, and its Solution is by Chapter 
g. Section 4. Problem 3. Caſe 7 and 975 . N. Nene 


1 ar, in papes 13 8, Bo 
or the Sun's Place in 2 Fele iptic, it's thus ; 


T.L&AN Radius:: © Angle MAC T. c. Hy AC. Or, 
Ae Radius. Ke. Ang. MAG: Tie. Leg A N „I. c. Hyp. AC. 
As S. god. . S. 66d. $om. : : T. 38d. oo —— 
Wich ſubtract from .. 20d. Om. 
eſteth the Sun's Longitude 54d. iam. wan: 
ing of Libra; fo that his Place is 5d. 46m. in Leo, 
2. For the Sun's preſent Declination, it's thus, 
As T. c. Angle MAC ., Radius:: S. Leg AM .. T. Leg Me, 6: 
As Radius. . ab 10 b J. Angle MAC. 36, Leg MC. | 
S. god. ., J 51d. T. 23d. Joi. + T. 18d. sam. the 
Suse Declination oth decreaſit, 
Problem 3. The Sun's Decknation given; to find his Place i in 
the Ecliptic, and Right Aſcenſton! FATS 
Example. The Sun's Declination 16d. 30m. South. intrealing: 
Idemand his Place in the Ecliptic, and his Right Aſcenſion? 
Here 18 a Leg and its oppoſite Angle given; that is, the 
Angle MAC 23d. zom. the Sun's greateſt Declination, ind the 
eg MC r6d. 3 his preſent Declination, which Triangle 
15 1b by Prob. 13. Of Sphert: Trigonometry Geometric, in page 
| 125; whoſe Solution is by Chap. 5. Sect. 4. Prob. 4. Cafes 10 
ind 12, of Spheric Trigonometry Refangular, in pages 138 and 
129, bus; 1. To find his Place in the Ecliptic, it's thus; 
AS. Angle oO Radius:: S. Leg MC . S. Hypot. AC. 
As S. 230. "1 god. : : S. r6d. 30m. . . 9. 45d. + ly 
the Sur " *. beyond Libra, becauſe bis Declination is 
ih increafing 3 ſo that the Sun's Place is x 5d. 56m. in . 
4. For his Right Aſcenſion, tis thus; | 
„T. c. Angle MAC: : T. Leg MC. S. Leg AM, | 
IT. 66d. 3om.: T. 16d. 4. 30m. 8. 43d. 22m. 
1 which add —— —- 180d. oom. — 
n is the Sun's R 1 d. 257m. from. 
g 33 * 05 
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216 | Aftroneniic Problems. bo Chap. IX. 


. Problem 4. The Latitude of a Place, and the Sun's Declination 

given; to find the Sun's Amplitude, and Aſcenſional Difference. 

. Definition 1. Latitude of a Place, or Latitude upon the Earth, 

is an Arch of the Meridian of that Place, contained between the 

Zenith (of that Place) and the Eq uinoctial, as Z ; equal 

thereunto is the Height of the Pole above the Horizen, as BP, 
Plate 7. Figure the 24. 

2. Amplitude, is an Arch of the Herron, contained btw 

the Ecliptic and the Equinoctial, and ſheweth how far the Sun, 

or any Star riſeth, or ſetteth from the Eaſt or Weſt Points of 


the Höxizon; as AR. Plate y. Figure the 2d. 


3. Aſtenſi onal Difference, is the Difference between the Right 
Aſcenſion, and the Oblique Aſcenſion, or Deſcenſion : Or it's 
an Arch of the Equinoctial contained between the Hour Circle 
of fix a Clock, and that Meridian which paſſeth by the Sun ar 


Star's Center, or any Point of the ING. in ew Riſing, or 


in their Setting. 
4.  Oblique$ 4, renſion, Yi an Arch of the Fquinodtial, con- 


eſcenſion, 


iq rained between the beginning of Aries, and that part of the Equi- 
noCtial that Lech wich the Center of the Sun or Star, 0: 


with any point, 1 or portion of the Ecliptic, in an Oblique 
Sphere. m. Fan. 


Latitude 81 25 Nr given; What is his $ 1 pg, , 


Sun's Dec. 23 30 
In the Rectangle Spheric Triangle PBR. Plate 7 Figure 2, 
1. PBR the Rectangle. 


2. PB the Latitude, or Height of the Pole n the Horizon. 


3. PR the Complement of the Sun's Declination. 
4. BR the Complement of the Sun's Amplitude. 
4. BPR the Complement of the Sun's Aſcenſional Difference. 
| To project it ſtereographically on the Plane of the Meridian. 


I. The Primitive Circle being deſcribed and quartered {as 
ſormerly) with two Right Circles SAB the Horizon, and 


(ZAN) the Prime Vertical; with A at its Center. Plate 7. 
Figure the d. 
2. On the Primitive Circle lay the K of 51d. 32m. 


from B to P, and from Z to A, (by Problem 6. Caſe 1. of 


Spheric Geometry, in page 116. \ and draw the two Right Circles 
PAI for the Axis of the n or Hour Curks of Six, and 
the Equinoctial. 7 


9 Then 


. aw 


3. Then ( by Problem 9. Caſe 2. of Spheric Geometry, in 
page 121) draw S5QlfRg parallel to AAQ, at 3d. zom. 
(the given Declination) from it, to cut the Horizon SAB in 
R, . Place of the Sun's Riſing and Setting. 


Through P, R, and I, draw. an Oblique ede and it's 


gone: For in the Rectangle Spheric Triangle PB R, the Leg 
BR, and Angle BPR are the two Things required, and may be 


meaſured by Problems 7 and 8, of ſe. Geometry, in- pages 


117, 118, and 119. 

But by Trigonometry, having the Hypoteruſe PR. 66d. 
zom. and Leg BP gd. 3am. given, the Proportions by Chap. 
5 Section 4. problem 1. Caſe 1 and 3. of Spheric Tr eme 
y Reftangular, in pages 1 35 and 1 30, are thus: 
1. To find the Sun's Amplitude, the Proportion is, 


As the Sine Complement of, the Lititude, is to the Radius ; 4 


So is the Sine of the Sun ee to the Sine of the 
Sur 's Amp Or thus ; 12 
As. 384. 28m. 8. 32 $2m. | 


Note, The 12 "ark in 33 gon. are ever of one : 


Name ; that is, -both North or both South. 


2. Te find the Aſcenfional Difference, the Proportion: is 


As the Radius, is to the Tangent of the Latitude 3 
S0 is the Tangent of the Sun's Declination, to the Sine of 
the Sun's Aſcenſional Difference. Or thus; 


As Radius . T. Leg BP: J. Cc. Hyp. PR., 8. e. Angle BPR. 
T. 45d... T. 51d. 32m. :: T. 23d. 30m. 8. 33d. Im. the 


Sun's Aſcenſional Difference. 

24/1 5. The Latitude of a Place, and the Sun $ Declina- 
tion gen; to find his Oblique Aſcenſion, or Deſcenſion. 
THe Rule. 1. Find the Sun's Right Aſcenſion by Problem 3. 
and the Aſcenſional Difference by Problem 4. Then, 

2. When the Latitude and Declination are both North, or 
wot South, the Aſcenſional Difference added to, and ſubtracted 
from the Sun's Right Aſcenſion, the fivit is the Oblique Deſcen- 
92, the atter is the Oblique Aſcenſion. 

. en the Latitude and Declination are one North and the 
the other South, add, and ſubtract as before; the firſt is the 

Ubliqus Aſcenſion, and the latter is the Oblique Deſcenſion. _ 


Mis; When you cannot ſubtract, add 360 Degrees to the 


Right Aicenfion, and then ſubtract; alſo when you have added, 
if mn Lum exceed 360 Degrees, ſubtract 300 Degrees thare- 


, e Remainder is the thing required, 
Example 


50e, l. "Afronapic Proll. 217 


4 
4 ; 


1 
1 
I 
* 
1 
| 
} 
8 
4 
"4 & 
6 
. 
ty 
10. 
bY 
14 


3 
„ 


. 


. 


7 8 
. 
7 
5 
at 
1 
S 
% 
8 
x 
hy 
; 
/ 


os —_—_ WE... [RE Y 9 
4 * 0 : + 55 06. „„ 


e 
e — 7 


218 Aftrdwomic Problems. Chap. IX, 
Example. Latit. 51d. zam. Norte 
Sun's Declin. 1 5d. 40m. South decreaſmg : g ven 3 whit ö 
his Oblique Aſcenſion, and Deſoenhon * 
1. For the Sun's Right Aſcenſion, it's hs 
As Radius T. c. AngleMAC : : T. Leg MC. S. Leg AM. 
* T. 48d, T. 664. OM. ; T. 145d. 4m. ee. 
Retnaitdents the _ Nen Aſcenſion 2 1qqd. 6tron 
2. For his Aſcenſional Difference, it's cy 7 * 


Rades T. Latirade : : T. O Dec. S. O Aden. Dl. 
T. 45d. T. 51d. 3am: : T. 15d. 4m. 8. 20d.41m. 
0 94.56 from V, 


Kit Aſcenſion found above 
Added is the Sun's Oblique Aſcenſion 3 od. 27cm. 
Subtracted ls the Sun's Oblique Deſcerifion 2994. Aim. 


Problem 6. The kues md the Sus Declination given; to 


find the Time of the Sun 's Riſingand Setting and the Le th 
of the Day and Night ? 7 * 


Die Rule. 1. Find the Sun's Aſcenſional Vikeente by Pio. 
blem 4, in pages 216 7. which is reduced into Lin by 
allowing as ORs, 


15d. Om. «< 1.— Hour <—_ 
Id. oom. | for T* o Minutes . Time; 3 
od. 15m. 0.01 Mitrute 


The Sun's Afcenſional Difference (being reduced int» 
Foun and Minutes) added to, and ſubtratied from 6 Hours, the 
one is Sun-rifing, and the other is Sun+ſerting. - 

Note, When the Latitude, and Dcclination are both North, 
or both South; the Sun riſeth before, and ſets after Six. But 


| if one be North, and the other South; he then riſeth after, and 


ſets before Six of the Clock. 
3 Double the Time of Sun-ſetting, gives the Lergth of 
ef the Day, alſo double the Time of SunTing, gives the 


Length of the Night. 


Example. Latitude 51d. 32m. North, Sun's Declinatior 


23d. 30m. North, given; the Sun's Aſcenſional Difference, by 


Problem 4, is 330. 11m. equal in Time 40 2 Hours 13 * 
nutes. Iberefore the Work is as follows, 
d. m. 6 Hou 
Afcen. Diff. 33 17. Or 3. 41. h, tn 
Add, is $un-ſetting=———. 13 Length of the Day is 16.26 


Sebtract, is SUn-Tih W— 3.47 Length Of the Night! i* 7. | 


Sekt. II. Altronomic Problems. - 


which are for 


Exp 4. 88 ] Sun rifcth at. 5d. zom. 


| BP 4:9. 17m. the Latitude, and the 
| 674. zom. the Complement of the Sun's Aſcenfional Difference; 
| which Triangle is made by Prob. 12. of Spheric Trigonometry 
| Geometric, in page 125. and for as 9 Solution, See e 5. 


A 8.4 1d. 4m. 8 £ god.: : 


| this manner, 


219 
In the ame Rectangle Spheric Triangle PBR (Plat 7 


21 the five next following Problems be 8 
Fi 8 NN e e . 


Problem . Latitude of a lace and = Sun's Afcenifional Dit. 
ference gven ; to And his ation, and Amplitude 4 
e eee = South, 


| Here is 2 Leg, and its adjacent Angle given 3 that is, „che Leg 


Angle BPR 4h, zom. or 


Section 4. Problem 3. ys: 8 of Spheric 7 rigonemetry . 


Reftangular, m pages 1 1 thus 3 


x. For the 25 521 ation, it's thus; 


| As Radius .. S. O Aſc. Diff.: T. c. Latitude T. O Declination | 


AsS. nod. .. 8. 22d. zom. : : T. 48d. 13m. . T. 23d. 11m. N. 
7 3. For the tun's 4 itude, it's thus ; 


a5 T. OAſc. Diff. Nadius: 8. iitude 3. Tc ©Aroplit. Or 


As 5. Latitude :: T. Aſc, Dif. . L 


Problem 3. Latitude, and Sun's Amplitude FR ; ps: "rnd his 
Deen 5 n Diffe 


l rence. | 


- Here are both Gel. p Een: that is the Leg 81 36d. 2 


the Latitude, and the 49m. the Complement of 
the Sutt's hope 4 Wich is 1 ek dy Problem 14. 
of Shh-ric Trigonometry Genet in page 127, and its Solu- 

tion! {by Chapter 5. Section 4. Problem 5. Coles 13 and 14. 


| of Spheric Trigongmetry Reanguiar, in pages 239 and 140) in 


7. For the Sun's Declination, iy, 1 
As Radius .. S. c. Latitude: : S. O Ampl. . 8. O Declinat. reg. 


or his Afſcenfi Difference, ms; 

AsT.c. 9 „Radius: : 8. Latitude . I. © Aſc, Differ. Or 12 5 
Ras . 8. Latit. : T. © Amplit. . T. © Alcen. Differ. 

38.90. . S. 366 17": T. 19d. 11m. T. 11* 38“ or oh, 47m. 

Pribler 3- The Sun's Declination, and Amplitude given; to 
fuld me Latitude, 15 Suns — Difference? 
Examy!; clination— 19d. 10m. South, 

. Shots Laurie id. zom. South, 
| ere 


AS. 90d. 1 3d, 43m. : : S. 19d. 11m. 8. 28d. 21m. South. . 


” 3 


r « 
Sn 55 or ng — n * 1 


| Exam ple. The 


_.. en Problems.” . 15 
Here is the Hypoteduſe, and one Leg given; ; for Which fe 
problem 10. of Spheric. Trigonometiry Geometric, (in page 723, 
Chapter 5, Section 4. Problem 1. Caſes 2 and 3, of Sober; i Ti. 
tenometry Nectangular, in pages 135 and 136) or its Solution. 
Note- The Latitude may be either North, or South, in this 
Problem. 1 
Problem to. | Sun's Declinatioli and Aﬀcenk onal Difference 
given ; to find the Latitude, and his Amplitude? 


Sun's Declination-—- 23d. 30m. South, 
* run le. The Sun ſetteth at- | h. 0" 


Here is the Hypotenuſe and one Angle given; för which ſee 


Prob. 11. of Spheric Trigonometry Geometric, (in pages 124 and 
125, and Chapter 5. Section 4. Prob. 2. Caſes 4 and 5, Of Ip. 


ric Trigonometry ReGangwar, in pages 136 and 1 37. ) For is 
Solution. 


Problem 1 1. Sun's Amplityde, and Aſcenfional Difference 2 


ven; to. find the Latitude and his Declination ? x | 
Sun's Amplitude ———— 33d. 20m. oth 
Example, The {5m Setteth at ad . a 4% m. 


Here is one Leg, and its WAR TY Angle given, for which: 


fee Problem 13. of Spheric Trigonometry Ceomttrit, in in page 126, 


and Chapters. Section 4. Problem 4. Caſes 10 and 12. of Sphe 
ric Trigenometry Rectangular, in pages 1 38 and 139. ) For 


the Proportions. . 2 


Problem 12. The Latitude of a Place, and the un' « Declination 


given; to find his Altitude, and Azimuth at the Hour of Six ! 
Definition 1. Altitude is an Arch of an Azimuth Circle, con- 
tained between the Horizon and any Parallel of Altitude; as bf 

Plate . Figure 2 1 
2. Azimuth, is an Arch of the 8 contained betw een 

the Meridian of the Place, and any Azimuth Circle; Or con. 

tained between the Prime Vertical, and any othet Azimuth Cir- 

cle; as Ab. Platt 7. Pigure 2, 

Latitude — — id. 32m. 

? Sun's Declination 8 In. - North. 
Note; At 6 of the Clock the Sun is upon the Axis PAL | 
In the Rectangle Spheric Triage. 4 A bf Alone 7. Figure 2) 

it is to be note. 

1. Abf the Rectangle. 0 
2. b Af the Latitude of the Place, 


Latitude. 
4. bf the Sun's Altitude at the Rant ol Sic. 


pb A 0 
* o — » 


, Af the Sun's Declination, of the ſame Name W ith the 


2 > 2 £L*, 


bon bs is nearly upon the WN 


Sect, II. Ane Priblaur. 221 
c. Ab the Sun's Azimuth from the Eaſt at 6 in the Mornite, 


and from the. Weſt at 6 in the Afternoon: * in North 
Latitudes, but Southerly in South Latitudes. 


Io project it Stereographically, on the Plane of the Meri. 


PE 


"Os n the Axis of the World PAI, the Equinoctial AQ, and 
the Parallel of Declination 5 Olf Rg; as before directed! in 


prob em 4, Of this Chapter, in pages 216 and 217. 


2. Through f (where the Parallel of Declination cutteth the 


| Axis PAI) draw an Oblique Circle perpendicular to the Horizon 
of Spherit Geometry, in pages 114 
and 115) as is the Azimuth Circle Z f b N, to cut SAB in. h. £5 


SAB (hy Problem 5. Caſe 3. 
which forms the Rectangle Triangle Ab f, and it's done. 


metry, in pages 11 and 118. 
But by Spheric T5 rigonomnetry, havin the Hypotenuſe abd 


nd Leg Ab his Azimuth at b of the Clock; are. found by 
Chapter 5. Section 4. Problem 2. Caſes 4 and 5. of berie Tri- 
genonetry ReHlangular, | in pages 136 and 137. 

4 To find the Sun's Altitude at Six, the Proportion is; 


the hour of Six. 
As Alus 5 
| AS. god 


Or thus; 
S. Angle bAFf: :S, Hypot. K 51. Les bf. 
8. 51d. 32m. :: S. 23d. 30m. . 8. 18d. 12m. 


| fad Problem is, 


As the Radius, is to the Sine Complement of the Latitude ; ; 
oy 3 the Tangent of the Sun's 'Declination, to the Tangent of 
the Sun's Azimuth from the Eaſt, or Weſt, at-tþe Hour « of Six. 


Or thus; 
Radius S. e. Angle bAf::T. 15 501 Af. IT. Fog Ab. a 
468. god .. 8. 38d. 28m. ; T. 234. Jom. T. 56 zm. 
T hat is, 1 


At 6 in the Morning t the 1 is E. 15d, 8m N. or near pb 
the EN E. J E. point of the Com 155 ; and at 0 in the After- 
1 W. Point of the-Compaſs. 


. Hay ing deſcribed. the primitive Circle, quarter'd” nc 


ons ; 
| Angie rive en, that is, Af 23d. zom. the Sun's Declination, and 
| bAf 51d, 32m. the Latitude; the Leg bf the Sun's Altitude, 


As the Radius, is to the Sine of the Latitude 3- ſo is the Sine 
of wy Sun's Declination, to the Sine of the Sun's Altitude, As. 


For the Leg Ab, the Sun's Azimuth, and the Leg bf, "The 
| Sun's Altitude at 6 of the Clock, are the two things required, | 
and are meaſured by Problem 7. Caſes 2 and 3. of Spbheri Ic, Ces 


2. To find the Sun's. Azimuth, the Proportion | by the gfore- | 


7 . pl 0 "> 4 _— — 
PPP rr 


| Example. The < Lativade 


222 | Aronomir Problems. | : Chap. Ix 

In the fame Triangle Abf (Plate 7, Fig. 2.) may be rew\. 

ye the fve Problems next honing: ws thr As _ 
earner. | | | 6 i 


Problem 13. The Latitude, and Sun's Altitude at the our d 


Six given; 1 — his Dealination, and Azimuth ? 
A —_— Latitude 35. acm. South. 
Example, The J Sams Altimde - 6d. zom. P. M. 


Here is one Leg and its oppoſite Angle given; that is, the 


Leg bf gd. 5am. the Sun's Altitude, and the Angle b Af, 
354. 2om. the Latitude; which Triangle it made by Problen 
13. of Spheric Trigenometry Geometric in Page 126; and for iu 
Solution, fee Chapter 5. Section 4. Problem 4. Cafes 10 and 
12, in pages 1 38 and 139. And it's thus; 5 
1. For the Sun's Declination, the Proportion is; 

As S. Latitude . Radius:: S. © Alt. at 6 . 8. © Decl. 


n S. god.:: S. gd. 50m. . S. 19d. om. South, Ml 


or the Sun's Azimuth at 6, the Proportion is ; 
As Radius. T. c. Latitude : : T. AI at 6. 8. GC Azimuth. 
As "Ka 45d. . f 7 11. 9d. SOIm. 1 8. 14d. 91, W. 


Southerly, er W. S. W. 2 W. is the Point of the Compaſs the 
Zun is upon. N 8 


Problem 14. Latitude, and Sun's Azimuth at the Hour of Six 


_. given; to find his Declination, and Altitude? 
36d. 19m. North. 
1 Sun's Azimuth. rod. IAI. W. Northetly FE 
Here is a Leg and its adjacent Angle given; that is, the 
Leg Ab rod. 14m. the Sun's Azimuth, and the Angle bAf 
36d. 19m. the Latitude; which Triangle is made by Problem 
12. of Spherit Trigonometry Geometric, in Page 125, and for 1's 
Solution, ſee Chapter 5. Section 4. Problem 3. Caſe 7 and % 
. 8. Which is thus; 6 
I. For the Sun's Deelination, the Proportion is ; 


AT. © Azim. -+ Radius:: Sc. Latitude . T.c. O Decl. Or 


As S. c. Latitude Radius : ; T. O Azimuth. T. O Dec. 


As 8. 53d. 41m... S. od.: : T. Tod. 14m. . T. rad. 38m. N. 


2. For the Sun's Altitude at 6, the Proportion 3 
As T. c. Latitude Radius:: S. OAzim. . T. O Altitude, O,, 


As Radius .. S. & Azimuth: : T. Latitude. T. @ Altitude at b. 


As S. god, +» S. 10d. 14m. : : T. 36d. xgm. .. T.yd. 26m. Alt. at 6. 
Problem 15. The Sun's Declination, and Altitude at the Ho 
ol Six given: to find the Latitude, and his Azimut: ? 


Exampi? 


8 


Wr wy A %, >. $3 


Poa Hp, ©5 Tay wy 72 


bang Fog 2, CY: 
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E camble. The Sun's: 6 ang _ 
| Here is the Hy potenuſe ani one Leg given; that is, Af 
| zd. zom. the Sun's Declination, and bf 1 5d. 56m. the Sun's 
( Atticule ; for which ſee Problem 10. of Köber Trigonometry 
Germetric, in Page 123. and Chapter 5, Section 4, Problem r, 
Cas 2 and 3, of Ipheric Thgonametry Refiongular, in Pages 
{ and 1 6. 
Hale en S. Sun's Declination, and «his Azimuth at he Hour 
of Six given; to find ar rages and his == oh 
on 19d. 14m. 
Exanple The Sun's Nabe = 100. ogm. E. S. ely. 
Her? is (as in the laſt Problem) the Hypotenuſe and one Leg 
| giver ; that is, Af 19d. 24m. the Sun's Dedinatian, and. AB 
10d. 09m. the Sun's Azimuth; for which ſee Problem 10. of 
Spheric Trigonometry Grometrie, in Page 123, and Chapter 5, 
Wl £tion 4, Problem 1, Caſes 1 and. 3, of i Trigonometey 
3 Reflarguiar, in Pages 135 and 1 36. 

Problem 17. Sun's Azimuth, and Altitude at the Hour of Six 
gen to find the Latitude, and his Declination? 
b. The Sure Aid 164. 10m. W. Souter. 
- Haw: are both Legs given; for which ſee Problem. 14. of 
Spheric Trigenomeiry Geometric, in Page 127. and Chapter 5, 
Sion 4, Problem 5. Caſes 13 and 14 Lv", Spheric T1 Figonometry 

Rectangular, in Pages 139 and 149 

Preblem 18. The Latitude, of a Place, and the Sun's Declination 
fiven ; to find the Sim's Altitude, and the Hour of the Day 
when the Sun is Eaſt or Weſt, 
Nite ; When the dun is either Eaſt. or Weſt, he i is then. upon 

the Pri me Vertical, ZAN. Plate 3. Figure 2. 


Exaxle, The 5 Latitude 95. — 51d. zam Two. 


K ©. Arn 


Sun's Declination -— 23d. 30m. 
Or, In the: Rectangular Spheric Triangle Atl, Flat a 2. 
| Obſerve , That, | 
1. Akl, is che Rectangle. Z 

05 2. KA] the Latitude. 
75 5 che Sun's Dec. a ths Hits e tae 
jp 4 A! the Sus Altitude when he is upon the Eaſt or Welt 
b, Azinmnth, Circle: | 

5. A the Hour from 6; if Eaſt, after 6 in the Forenoon, 
dut when Weſt, before & Afternoon. 

To project it on the Plane of the Meridian. 

1. The — Circle being drawn, quartered, 28 "op 


» — 7 * * E 5 - * wy 
A c * —— n 0 = 8 2 9 2 1 2 — — 
r I A IO F h * — — ro er i. ., xt... 0 * —_— 8 — 
—— 
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the Axis PAI,” Equinoctial AQ, and Parillel of Declinatich 
5 Olf Rg, as fotmerly, in Problerh 4. of this Chapter, to 
cut the Prime Vertical Z AN! in I the Place of the Sur, when 
he is either Eaſt of Weſt: 

2. Then thro' | draw 2 Great Circle. to cut the Equino&l 


AQ at Right Angles ih & by by Problem 8 Caſe 3. of Splerie 
SGesmiry, in page 115, as the Oblique 


ircle Pl 11. Which 
forms the Rectangle Spheric Triangle * 4 
For the Hypotenuſe A H. and Leg A k, {the former the Sun 
Altitude, the latter the Hour from 6, when he is either Eaſt, ot 
Weſt,) are the two Things required, and are meaſured by Pro 
dlem 7, Caſe 2, of Spheric Geometry, in page 118. 

But by Tr; rigonometry, having à Leg and its oppoſite Ang 


given; that is, k Al 51d, 32m. the Latitude; and k!. 


30m. the Sun's Declination : The Leg A k the Hour 80 
and the Hypotenuſe A 1, the Sun's Altitude when Eaſt, or 
Weſt, are found by Chapter 55 Section +» Problem 4, Caſes 10 
and 12 175 Ser Trigenomesty, in pages 138 and 139. Thu, 
To find the Sun's Altitude, the Proportion; is, 

As the Sine of the Latitude, is to the Radius; | 

$ is the Sine of the San's Declination, to the Sine of bi 
Altitude, when, Eaſt or Weft. Or thus; 
ngle KAI -+ Radius:; S. Leg kl. 8. Hyp ot. Al 

„id. 32m. .. S. god. : 8. 23d. 8. _ 3m. O Al. 

2. To find the Hour from. Six, the Hopes by the afore- 
faid Problem 4, and Caſe 103, 

As the Radins, 1 is to "the Tangent Complement ' of the La. 
titude'; 

So is the Tangent of the Sun' 5 Declination, to the Sine of 


the Hour from Six. Or thus; 
As Radius I. c. Angle Akl:: T. Leg kt. S. Leg Ak. 
As T. 45d. T. 38d. 28m. :: T. 23d. om. ++ 8. 20d. 137%. 


the Hour from Six. 

Which reduced into Hours and Minutes bf Tite, and added 
to, and ſubtracted it from 6 Hours, Bliyeth the Hour of the Day 
required. 

That is, 20d. 13m. reduced into Time, is th. 21m. amol, 


Which added to ——— —— Ch. oom 


The Sum ſheweth the Sun is Eaſt 1 — Ih. 21m, „ Mom, 
And being ſubtr. ſheweth the Sun is Weſt— Ah. 30. After 
In the fame Rectangle Spheric Triangle, A kl, (Pate 7. Figu* 


2.) the five Problems following may bereſolred, t to my the 
Learner. : 57 1 : | | pril. 
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prohlem 19. The Sun Eat, the Latitude, and the Sun's Alti- 


tude given ; to find his Declination and the Hour of the Day? 
$.c:mote, 1 Latitude 51d. 30m. North. 
Example. Sun's. Altitude, — 28d. 16m. Morning. 
Here is the Hypotenuſe, and one Angle given; that is the 
Hypotenuſe Al 2gd. 16m. the Sun's Altitude, and the Angle 
&Al g1d. zom. the Latitude: which Triangle is made by Pre- 
blem 11. of Spberic Triginometry Geometric, in page 124, and 
for its Reſolution, ſee Chapter 5. Section 4. Problem 2. Caſe: 
4 and g. in pages 136 and 137. And, . 
For the Sun's Declination, the Proportion is ; 
As Radius . S. Latitude : : S. © Altitude ++ S. © Declin. Req. 
As S. god. S. 15d. 30m.: : S. 25d. 16m. ++ 8. 19d. 3om. Nor. 
2. For the Hour when he is Eaſt, the Proportion is; 
As T.c.& Alt. +» Rad, : : Sc. Lat.. T. Hour from 6, when E. Or, 
As Radius. S. c. Lat.: T. @Alt... T. Hour from 6, when E. 
As god. . S. 38d. 3om.:: T. 2 ˖ d. 16m .. T. rod. 20m. or rh. 5m. 
which added to 6, makes 7h. zm. the Time when the Sun is 
Problem 20. The Sun Miſt, the Latitude, and Hour of the Day 
en ; 40 175 the Sun's Altitude, and 3 ? 
Tui ta 4 titude.— od. 10m. South . 
Example. They Ws oh xm, P. M. or Afternoon. 
Here is given a Leg, and it's adjacent Angle; that is, the 
Leg A; Aid. fm. Or 2h. 45m. the Hour from 6, when the 
| Sun is Welt; and the Angle KAl 3od. rom. the Latitude; which 
Las Iriaiple is made by Problem 12. of Spherx Trigonometry Geo- 
15 er. And for its Reſolution, ſee Chapter 5. Jection 4. Pro- 
e of ler g. Caſes 7 and 9. In pages 137 and 138. And. 
For the Sun's Declination, the Proportion is, 


: Le. Lat. Radius: : S. Hour from 6. T. O Declination. Or, 

m. AKaius ., S. Hour from 6 : : T. Latitude. F. Sun's Declination 
Ad. god. „S. 41d. 15m. :: T. $0d. 10m... T.20d. 38m. South. 

del 2. For the Sun's Altitude, the Proportion is, 

Day T. Hour from 6 ++ Rad.: : S. c. Lat.. T. c. O Alt. when W. Or 


of Ard. c. Lat. Radius:: T. Hour from 6 ++ T. Sun'sAlt. when W. 
8 8 As 8. 30d. om. 8. god. : : T. 41d. 15m. + T. 45d. 23m. 
be sun's Altitude, when Weſt „ 


form Problem 21. The Sun Eaſt, his Declination, and his Altitude 
Heer. Suben; to find the Latitude, and Hour of the Day? 


ge BY zar pie 1828 20d. 50m. South. 5 
ſe the 3 The Sun's Altitude 29d. 3om. A. M. or Morn 
Priv. 7 1 Here 


" 
SCI IRR IS Ae OE Ot ar 
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Here is given the Hypotenuſe, and one Leg ; that is, the 
Hypotenuſe Al, 29d. 3om. the Sun's Altitude, and the Leg 
kl 20d. 5om. his Declination : Which Triangle is made by 
Problem ro. of Spheric Trigonometry Geometric in page 122. and 


for it's Reſolution, ſee Chapter g. Section 4. Problem 1. Caſts 


2 and 3; in pages 135 and 136. 


Problem 22. The Sun W:ft, his Deelination, and Hour of the 


Day given; to find the Latitude, and his Altitude? 


1 ' Sun's Declination rod. 39m. North. 

Example, The J Har of the Day 4h. 52m. P. M. 
Here are given both Legs; that is, the Leg kl rod. 4ym, 
the Sun's Declination, and Leg Ak r7d. or th. Sm. the Hour 


from 6, when the Sur is Weſt: for making this Triangle, ſce 
Problem 14. of Spheric Trigonometry Geometric in page 127, 
And for its Reſolution ſee Chapter g. Jectian 4. Problem x, 


Cafes 13 and 14. in pages 139 and 140. | 


Problem 23. The Sun Eeft, his Altitude, and the Hour of ti 


Day given; to find the Latitude, and his Deelination? 
Sun's Altitude zod. 1om. 


Example. The J Hi of the Day ——h. goth. A.M. 


Nate ; In this Problem the Latitude may be either North or 
South, and truly anſwer the Queſtion 

Here is given the Hypotenuſe, and one Leg; that ts, the 
Hypotenuſe Al 30d. rom. the Sun's Altitude when Eaſt, and 


the Leg Ak 7 — 3om. or 1h. zom the Hour from 6, when 
Triangle is made by Problem 10. of Spheric Tri- 
genometry Geometric, in page 123, and for its Refolution, ſee 

Chapter 5. Section 4. Problem 1. Cajes 1 and 3. in pages 135 


he is ſo; this 


and 1 36, 


Problem 24. The Sun in the Equinoctial, the Latitude uf 4 
P uece, and the Sun's Altitude given; to find his Azimuth, aud 


the Hour of the Dy? 


Nute; When the Sun hath no Declination, he is then (fad 
to be) in the Equinoctial; which is twice in a Year, about the 


1 


Sect. II. Atronomie Problems, 1 


Latitude 51d. 22m. Nortb. 
Example. The 3 $95 Altitude 21d. som. AM. (or Morning. ö 


In the Rectangle Spheric Triangle ZE D, Plate *% Fe. 2. , 
it is to be noted ; _ 
| . The Leg LED the Rectangle. „ 
| 2. The Leg ZZ the Latitude of the Place. 
3. The Leg ED the Hour of the Day from Noon. 
4. The Angle ZD the Complement of the Sun's Altitude. 
g. Ab the Sun's Azimuth from the South in North La- 
titude ; but from the North in South Latitude, Eafterly in the 
Forenoon, and Weſterly i in the Afternoon. 


Io project it Stereographically on the Plane of the Meridian. 
1. The Primitve Circle being drawn, quartered, as alſo the 
Axis PA, and the Equinoctial AALQ, as formerly direCted in 
Problem 4. in page 216. 

1. By Problem g. Caſe 2. of Spheric Geometry, in page 121. 
draw a parallel Circis at 21d. 3om. (the given Altitude,) diſtance 
| om the Horizon $AB; as ADlt to cut the Equinoctial 

AQ . in D; the Place of the Sun at that Time, N 
3. Through D (by Prob/em 5. Caſe 3. of Sberit Geometry, 
in page 115 :) draw a Great Circle perpendicular to SAB, as is 
or the Oblicy is Circle ZDCN, which coneluges the Rectangle 
05 Spheric T: 1angle ZE D, and it's done. 
the For the Angle EZ D, and Leg AD; (the former. the Sun's 
and Azimuth from the South Meridian, the latter the Hour from 
hen WM Noon, when the Sun is in the Equinoctial,) are the two things 


Tri- required, and are meaſured by Problem 7. Caſe 2. and Problem 
fee 9. C 2. of Spherae Geometry in pages 118 and 119. 
135 But by Spheric Trigonometry, having the Hypotenuſe, and 
46 one Lg given; that is, Z D 78d. rom. the Complement of the 
dun's Altitude, and Z 5 15 1 . the Latitude: The Angle 
of 4 Zb ihe Sun's ry? ont, and 7 ED the Hour from Noon, 
aud ae found 0 og Chapter g. Section 4. Caſes 1 and 2. of Spheric 
777 Refangular, in pages 135 and 136. And, 
(ad 1. To ind the Sun's Azimuth, the 88 is 
t the A; 11 - Radius, is to the Tangent of the Latitude z 
, © „ the Tangent of the Sun's Altitude, to the Sine 
Lomplement of the Sun' s Azimuth from the South. Or 
Ex- us; ; 
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As Radius. T. Leg Z:: T. c. Hypot. ZD.. S. c. Angle Z h. 
As T. 45d. * 51d. 320, :: T. 214. zom. . S. god. 17m, 
Which ſubtract 1 — — pod. com. 


| Remainder is the Sun's Azimuth, South ——— — 69d. 43m. 
Faſterly, that is S E. by E. 3 E. is the point of che Compaſ 


the Sun is upon. 
2. To and the Hour, the proportion by the foreſaid Preblem 
1. Cofe 3. is: 
As the Sine Complement of the Latitude, is to the Radius; 
$0 is the Sine of the Sun! 8 Altitude, to the Sine Complement 
of the Hour from Noon, Or thus ; 
AsS.c.Leg Z. E., Radius:: S. c. Hypot. Z D.. S c. Leg AD. 
As S. 38d. 28m. . S. god. : : S. 21d. om. . S. 36d. 43m, 
Which ſubtract from = god. oom. 
Remainder i is the Hour how Noon . $30, 17M. 
Which is equal to Ih. 33m. the Hour from Noon, therefor; 


the Hour of the Da Is Sh. 27m, in the Morning 


In the fame Rectangle Spe Triangle Z ED might five 


' Probleras more be peſolved, which I leave for the Learner to 
invent, and ſo pals on to Oblique Spheric Triangles in Aftrowny, 


SeQtion III. Obliaue Spheric Trian 1 9 applied in e | 
Preblem, uſeful! in avigation. gt, 


1 N the laſt Seion, Rectangle Spheric Triangles were applied 


to Preblems of Aftronomy; now in like manner Obi que 
Spheric Triangles ſhall be applied, both them a and the following 
deing "my uſeful in Navigation. 4:6 


Problem 1. The Latitude of 4 Place, the Sure s Declination, 
and his Altitude given; to find bis Azimith, and the Hour 5 


Ihe Day 4 


Latitude 514 zom. 7 
*? Altitade 11 30 3 
In the Obtiqu 0 Spheric Triangle PZO. Plate 7, Figure 2. 
is to be Noted.” © 
1. The Side ZP the Complement of the Latitude. 
2. The Side Z S the Complement of the Sun's Altitude. 
3- The Side P® the Sun's Diſtance from the Elevated Pole, 
which is the Declination added to go Degrees, when | the Lat! 
mute "Int eden are of a contrary Mama: 5 But if of one 


| | PE. | T 


Example. The ** gun 39 Ditlination-—— x 0 * 


, 


pole, 
Lat! 
one 


„The 
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. The Angle PZ the Sun's Azimuth from the North, in 
van Latitude; but from the South, ih South Latitude: 
The Angle ZPO the Hour of the Day from Noon- 
o project it Sterbogruphicully, on the Plane of the Meridian. 
= aving drathn the Primitive Cirtle and quarter'd it, alſo. 
1 the Axis PAI, and the Equinoctial AQ. and the Pa- 
aue Declination ©! Rg. 
2. Draw (by Problem q. 005 2 2. of Spberle Crrmetry, in page 


321 )a parallel Circle, rarallel to the Horizon SAB, at 11d. 


; 
zom. (the Sutt's Alte) ditnce from it, to cut the parallel of 
Declination in O, the Place of the Sun at that time: | 

3. Then through O draw two Great Circles, one through 

5 

Z and N, the Poles of the Horizon; ; and the other through 


p. 21d ] the Poles of the EquinoCtial ; as are the Oblique Circles 


Z. N and POI; which from the Oblicfue Spheric Triangle 
PZ), and its done. 

For the Angles PZO, and ZPO, the former the Sun's Azi- 
7:42, the latter the Hour of the Day from Noon; are the two 
wings regaired, and are meaſured by Problem 8 8: Caſe 2. of 


Hoberic Geometry, in page 119. 


But by Spheric Trigonometry, having 3 Sides given; ; that | is, 


Zz 384. zom. the Complement of the Latitude, ZO© 7 $4. zom. 


the Complement of the Sun's Altitude, and PS 740. gom: the 
oun's Diſtance from the. Elevated Pole; the Angle PZ. © the 
Sun's Azimuth, and ZPO the Hour of the Day, are found by 
Chapter Fg. Seclion 5. Problem 11. Caſe ti. of Spberic Trigo- 
n-metry Oblique, in pages 147 and 148, as followeth. 

„ Ad the Gomplement of the Latitude, Complement of 


the Sun's Altitude, and the Suri's Diſtance from the Elevated 


Pole | o One Sum. | 
2. From half that Sun ſubtract, (for finding the Sun's Azi- 


Muth,) the Sun's Diſtance from the Pole ; But, for finding the 


Hour of the Day, ſubtract the Complement of the Sun's Alti- 
wwe, noting the half Sum, and the Remainder. 

nen to find the Sun's Azimuth, it's thus; to the Com- 
blement Arithmetic of the Sines of the Complement of the Lati- 
ue, and Cotnplement of the Sun's Altitude, add the Sines of 
Ge 3/orefaid Half-Sum, and Rermaindet : half the Total of theſe 


four 7 !.ogarithmms, is the Sine of the Supplement of half the 


dime Azimuth from the North, in North Latitude ; and from 
the $ ach, in South Latitude. 
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But to find the Hour of the Day it's thus: to the Complc- 
ment Arithmetic of the Sines of the Complement of the Lat; 
tude, and the Sun's Diſtance from the Pole, and the Sines of 
the faid half Sum, and the Remainder : Half the Total of theſe 
four Logarithms, is the Sine of the Supplement of half the Hour 
from Noon, all which is ſhortned thus ; | 9 


1. To find the Azimuth, the Operation is; 


S ZP 39d. zom. N hin Sides 5 8. 60. ar. O. zg 
xe) \ Containing Sides 


* CE n 9 e on LE: oY < 
» Dov of” - 2 : oe EA 8 _ * 
* — —— ot e La A. Son oF a. „ IL as, "= 0 £ Lg . * 
* * 


20 78d. 3om. C " 28. co. ar.—o. oog 
CPO Ad. om. half Sum ſides 95d. 55m. S. — 9.997080 
Ran is 191d. 50m. Remainder 21d. 05m. 8. — 9 555971 
half Sum is 98d.5 5M. Sum of the 4 Logarithms is —19.768308 
Remainder a Fe 40d. 30m. S. 2 fu 9.884154 
. Wikch doubled g , 
The double is-— 99 58 Which 
Subtract from-——180 0 %ù t mw) 
Remainder is the Sun's Azimuth 86 02 from the North, 


Or by Gunter's Scale. 


e eee 
As S. ede. . S. 38d. zom. : : 8. 78d. 3om .. S. 37d. 35m 


Then again, 
{ As the 4th Sine .. S. & Sum fides : : S. Remainder .. a gth Sine. 
1 As S. 37d. 35m. .. S. 95d. 55m. : : S. 21d. om. .. S. 36d. ohm. 
Mr Againſt which, on the Line of Verſed Sines is od. 02m, 
N the Sun's Azimuth from the North, Eaſterly if in the Mom- 


ing, and from the North, Weſterly if in the Afternoon ; 
that is, the Sun is near the E. by N. Point of the Compaſs 
in the Morning, and near the W. by N. Point in the 
Afternoon. Bf 


2. To 


To 


- jov] + © I OW. 
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2. To find the Hour of the Day, ” Operation is, 


ZP 38d. zom. co. ar. o. 205680 
gie § DP 74d.gom. © Containing Sides f S. ce. ar. — o. 01 5 397 


= PT Sd. zom. half Sum Sides 95d. 55m. $.-—— 9.097680 
Sum is 191d.5om.| Remainder 17d. 25m. $.— 9.476133 
bal Sum is 05d. 5 Sm. Sum of the 4 Logarithms is — 19.605060 
Remaind, 17d. 25m. —— 44-45 S. half . $47530 


Which AGE.” -, 45 
The double is - 89.30 Which 
ſubtract from 180. 00 Rn M7 ” 


Rem. is the Hour from Noon 90.30 equal to 6: 02 
Or by Gunter's . 


As Radius .. S. c. Latitude, : : S. O Diſt. from Pole .. a 4th Sine 


As 5, 909. .. S. 38d. gom. : : S. 74d. gom. .. S. 36d. 56m. 
'Then again, 


As the 4th Sine... S.] Sum fd :: S. Remainder ...a gth Sine. 


As8. 36d. g6m. .. S. g7d* 55m : : 8. 17d. 25m. ., S. 29d. 42m. 
Acainft which, on the Line of Verſed Sines, is god. 30m. 
Or öh. 2m. the Hour from Nooty ; that is, 58m. after 5 in the 
Morning, or zm. after 6 in the Afternoon. 
In the ſame Oblique Spheric Triangle ZPO,(Plate J. Fig. 2.) 
may the nine Problems next following be reſolved. 
Problem 2. The Latitude of a Place, the Sun's Altitude, a 
Azimuth given; to find his Declination, and the Hour of the Day. 
Example. In Latitude g id. 321mm. the Sun being 38d. 19m. above the 
Horizon, his Azimuth was obſerved to be North 107d. 47m. 
Ea Pork. i demand the Hour of the Day, and the Sun's Decl. 
Aue The Hour of the Day is 30m. after 8, and the 
Deciination of the Sun 19d. 29m. Nonk. 
In this Problem are two Sides, and one Angle between them 
4 , that is, ZP 38d. 28m. the Complement of the Latitude, 
2 Sid. rim. the Com plement of the Sun 's Altitude, and PZ 


1 5 5 45m. his An which Triangle i is made by Prob. 18. 


of Spheric Trigonometry Geometric, in pages 129 and 130. and 


| © refolved by Problem g. Caſes 4 and 8. of Spheric Trigonometry 


rae -, in pages 144 and r45. 

Prob. 3 The Latitude 75 a Place, the guns Declination a Azi- 
mul kz oiven ; ; to find. his Altitude, and Hour of the Day © 
5 — In Latitude 13d. 30m: North, the Sun's Dechingtion 

8 ; gd. 58m. 8. 2 it Azimuth N. 120d. 4om. 1 
wy the Heur of the Day, and his Altitude? 
450 The Hour of the Day is either 2h. 1 3m. and tho 
urs Alti N is 57d. or elſe the Hour of the Day is g h. 5 2m. and 
en l. Alituce 1 is 155 13m. P 4 | Here 
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Here are two Sides, and one Angle oppoſite given, that is 
ZP 76d. 5om. the Complement of the Latitude, PG 90d, 
15m. the Sun's Diſtance from the Elevated Pole, and P? © 
129d. 40m. his Azimuth; which Triangle is made by Problem 
16. of Spheric Trigonometry Geometric, in pages 128 and 129. 
And reſolved by Problem 7. Caſes 2 and 3. of Spheric Trigono- 
try Oblique, in pages 142 and 143. hy 
Problem 4. The Latitude of a Place, Sun's Altitude, and the 
Hour of the Day given; to find the Sun's Azimuth, and bi; 
Dieclination. W LO | 
Example. In Latitude 3od. grim. South, at 1 5m. po/ 3 in the 
_ Afternoon, the Sun's Altitude being 41d. 10m. I demand the 
Sun's Azimuth, and Declination? ET ET 2. 
Anſwer, The Sun's Azimuth is South 102d. zm. Weſterly, 
and his Declination is 11d. 41m. South. . 

Here are two Sides, and one Angle oppoſite given. 

That is, ZP 59d. ogm. the Complement of the Latitude, 
Z O 48d. 50m. the Complement of the Sun's Altitude, and 
ZP C 48d. 45m. Or Zh. 15m. the Hour of the Day from 

Noon; and therefore projected, and reſolved like Problem 3. 
aforeſaid, in page 231. | es Tad 8 
Problem 5. The Latitude of a Place, the Sun's Declination, and 
Hour of the Day given; to find his Azimuth and Altitude“ 
Example. The Latitude 20d. 11m. North, the Sun's Declinaticn 
23d. 20m. South, at gd. 24m. in the Morning I demand 
the Sun's Azimuth, and what is his Altitude © 

Anfewwer. The Sun's Azimuth is South 44d. 13m. Eaſt, and 
his Altitude is 34d. sm. 1 
Here are two Sides, and one Angle between them given; 

That is, ZÞ 69d. 49m. the Complement of the Latitude, 
POt13d. zom. the Sun's Diſtance from the Elevated Pole, and 
Z PO 239d. or 2h. 36m. the Hour of the Day from Noon, 
which is wrought as before in Problem 2. page 231. 
Problem 6. The Latitude of a Place, the Sun's Azimuth, and Hor 

sf the Day given; to find the Sun's Declination and Altitude. 
Example. In Latitude 13d. 1om. North, the Sun's Azimuth 

being obſerved at 2 am. after 2, to be South 59d. 30m. ,! 

demand the Sun's Declination, and his Altitude © = 
Annſiber. The Sun's Declination is gd. 27m. South, and his 
Altitude at the ſame time is 44d; 43m. 

Here are two Angles, and one Side between them given ) 
That is ZP 76d. com: the Complement of the Latitude, PLC 45 
120d, 30m. the Sun's Azimuth, and Z PO 36d. or zh. 2 4m. 
the Hour of the Day from Noon; for the making of dhis 


Triangle, ſee Problem 19. of Spheric Trigenometry _— 


, 


3 — 8 m, Þ + WD 


* n 
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in pare 130. And is reſolved by Problom 10. Caſe . of Spberir 
Tigcnemetty Oblique, in page 146. 
Problem 7. The Sun's Altitude, Declination, and his Azimuth 
given: to find the Latitude, and Hour of the Day. 
Ex:mple. The Sun's Altitude being obſerved to be 38d. 20m. 
Oriental, and his Azimuth at the ſame time 109d, rom. from 
the North, and his Declination 19d. 40m. N. I demand the 
Latitude of the Place of Qbſervation, and the Hour of the Day? 
Aaſiver. The Latitude of the Place is 51d. 3om. North, and 
the Hour of the Day is gom. after 8 in the Morning, 4595 
Here are two Sides, and one Angle oppoſite given; that is Z 
51d, som. the Complement of the Sun's Altitude, PO vod. 
2001, his Diſtance, from the Elevated Pole, and PZ. O 107d. 
om. his Azimuth from the North, which Triangle is made and 
wrought as before, in Problem 3. of this Section, in page 232. 
Problem 8. The Sun's Altitude, his Declination, and Hour sf 
the Day given; to find his Azimuth, and the Latitude. 
_ Example. At gh. 42m. in the Morning, ebſerving the Sun 124. 
zom. above the Horizon, and his Declination being t9d. gom. 
North, I demand the Latitude of the Place, and the Suz's 
Aim e 
4:fver. The Latitude is 51d. 32m. North, and the Sun's A- 
2imuth North 74d. ogm. Eaſterly, or ENE. Half E. almoſt. 
Here are two Sides, and one Angle oppoſite given; that is, 
2) 7754. zom. the Complement of the Sun's Altitude, PO 
704, 20m. his Diſtance from the Elevated Pole, and Z P 
94d. zom. or Gh. 18m. the Hour of the Day from Noon; 
which Triangle is made and wrought as before in Problem 3. of 
this Section, in page 232. 55 3 
Froblem 9. The Sun's Altitude, his Azimuth, and the Hour of 
the Day given; te find the Sun's Declination, and the Latte 
. - tuge of the é h IS Res 8 
Example. Obſerving the Sun 12d. zom. above the Horizon at 
18m. pat a Clock Afternoon, and his Azimuth 74d. from the 
Norih. I demand the Latitude, and the Sur's Declination © | 
_ "wer. Latitude is g1d. 30m. North, and Sun's Declinaton 
| 5 199. 4om. North. „% ON or FR" Ol 
| Here are two Angles and one Side oppoſite given; that is, 
| 20 774, zom. the Complement of the Sun's Altitude, PZ ©; 
74d. the Sun's Azimuth from the North, and ZP) gad. 30m. 
| e 18m, the Hour from Noon; which Triangle is made by 
Pro. 17, of Spheric Trigonemetry Geometric, and is reſolved 
| een, 8. Caſes 4 and 5, of Spheric Trigonometry Oblique, 
g m pages x 43 and 144. Ly 83 4 | 


Problem 


us 
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Problem 10. The Sun's Declination, his Azimuth, and Hz» if 
— Day given; te find his Altitude, and the Latitude / the 
Fxample. The Sun's Declination 19d. 40m. N. and at alf an 
Hour paſt 8 of the Clac in the Morning, his Azimuth was 
obſerved to be 107d. gom. from the Noith, I demand thy 
Latitude of the Place of Obſervation, and what was the gu, 
Altitude ? - | 1 | 
Anfwer, The Latitude is 51d. 30m. North, and the Sun's 
Altitude is 38d. 18m. 
Here are two Angles and one fide oppoſite given, as before 
in the laſt Problem: That is, PO pod. 20m. the Sun's Di- 
ſtance from the elevated Pole, PZC) 107d. 48m. his Azimuth 
from the North, and ZPO g2d. Or gh. 28m. the Hour of 
the Day from Noon ; which Triangle is made and wrought like 
Problem q, the laſt foregoing. | | 
Problem 11. The Latitude and Longitude / a Star, ond 10. 
Obliquity of the Ecliptic given, to find the Right Aſcenſion, 
and Declination of that Star! „ 
Definition 1. Latitude of a Star, is an Arch of a Circle of 
_ Longitude, contained between the Star's Center and the E- 
cliptic. Bag 1 
2. Longitude of a Star, is an Arch of the Ecliptic, con- 
tained between the beginning of Aries, and that Circle of Lon- 
gitude which paſſeth over the Star's Center, and counted accord- 
ing to the Succeſſion of the Signs. 1 NV 
| Example. F TE 
3 Latitude — 22d. 32m Nort 
Capella, or the Goat, the 113 e Lag in I. 
In the Oblique Spheric Triangle PKD, Plate 7. Figure 1. 
is to be noted, e 1h 
1. PK the Diſtance of the Pole of the Ecliptic from the Pole 
of the World, equal to the Ecliptic's Obliquity 23d. 30m. 


2. KD the Complement of the Star's Latitude, Or its Di- 


ſtance from one Pole of the Ecliptic. 1 
. PD the Complement of the Star's Declination, or 1s 
Diſtance from the agreeing Pole of the World, 
1. PKD the Star's Longitude from S, if the Star's Latitude 
be North, but from Vp, if it be South; that is, from S, if tht 
Ecliptic's North Pole be one Angle; but from y if its Soul 
Pole be one Angle of the Triangle. 3 
g. KPD the Star's Right Aſcenſion from W, if its Latitude 
be North; but from &, if its Latitude de South: That s, 
the Ecliptic's North Pole be one Angle, &c. as before in the all 
Step. 2 | BI i TY”. ans 


22 


35 


Si 
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Here are two fides, and one Angle between them given; 
113: is, PK 23d. 20m. the Diſtance of the North Poles of the 
Eouinottial and Ecliptic, KD 67d. o8m. the Complement of 
the Star's Latitude, and PKD 1 Id. 58m. the Star's Longitude 
from (wanting of) Cancer; which Triangle is made by Problem 
18. of Spheric Trigonometry Geometric, Chapter 8. Section g. in 
pages 129 and 130. And by Problem g. Cafes 7 and 8, in 
rages 144 and 145. the Proportions are as follow, 


Hiri, To find the Star's Right Aſcenſion, d. m. 
1. As S. half Sum of the ſides KD and KP —— -— 45 19 
Ts to 8, half their Difference — 21 30 
Ses T. c. of half the Angle PKD — 1 1 


Io T. half Diff. of the Angles DPK and PDK — 78 40 

2. As S. c. half Sum of the ſides KD and KP — 44 41 

{s to S. c. half Diſference—— — ᷑ĩ -—N—— 68 10 

80 is T. c. ot half the Angle PLD © — 84 or 

To J. half Sum of the Angles DPK and PDK — $g 27 
| BW Unto which add their half Difference before found — 78 40 


: And it giveth the Angle KPD _— —— 164 07 
From which ſubtract AQ — - 90 0 
Remainder is AM the Star's Right Aſcenſion ———94 07 

3 tom the beginning of Aries. „ 

| $-:on4ly, For the Star's Declination, + 1 


80 5. KD its Complement of Latitude—— —— 67 o 
So is 8. PK its Longitude from Cancer — 11 8&8 

To >. PD its Complement of the Star's Declination 44 19 

Whercfore the Star's Declination is North — 4 41 


368. KPD Star's Right Aſcenſion from Capricorn 64 bf 
8 


Problem 12. The Right Aſcenſion of the Sun, and Right Aſeen- 
ſion of a Star given; 10 find the Time of the Star's coming to, 
or upon the Meridian. | TT 8 

The Rule, Subtract the Sun's Right Aſcenſion from the Star's 

Right icennion, the Remainder reduced into Time, is the 

5 ©4 te Star's coming upon, or ta the Meridian, After- 
Con. | | FF Wt” = „ | 
ae ; If you cannot ſubtract, add 369 Degrees to the Star's 

Right „ cenſion, and then ſubtract. 5 e 

Examplc. The. 5th of October 1744; 1 demand at what time 

\'evaran er the Bull's Eye, cometh to the Meridian? 


* er 
n 


1 1 
1 
h 


Chap. IF, 
e d. m. 

* 15 dap res the Sun's Detlination wy 3 1 Were 
TLangiinde ./ Aldebaran is N 3 57 in Gemini, 
And therefore you may find that, d. m. 
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By dun. J f. bras f ff. Ned Sm PRIMA iS 165 © 
3 Then add 360d. to brd. OZm. the Star's Right Aſcenſion, 


and it is 425d. 03m. from which ſubtract 2014. 4 zin. the Sum: 


Right Aſcenſion, the Remainder is 223d. 29m. which 


maketh 14h. 54m. the Star's coming to the Meridian after 
Noon, that is 54m. after Two in the Morning. 

And thus having found the Right Aſcenſion, Declination, and 
Time of any Star's coming upon the Meridian, you may by 


Problem 4. Section 2. of this Chapter, find it's Amplitude, ard 


Aſcenſional Difference, and thereby its Riſing and Setting; 


its Diſtance from the Meridian at any Altitude; obſerved by 


Problem 1. Section 3. of this Chapter, in page 229, and ihe 


Hour of the Night thereby; all which I leave for the Exerciſe 


of thoſe that are learning theſe Things, ys 


Section IV. The Doctrine of the Sphere, or Spheric 'T rigono- 


metry, applied in ſundry Aftronomic Problems, uſeful it 


Navigation, according ts the Pythagoreati Syſtem. 


T H E Pythagoream Syſtem of the Wirld, lately revived by 
1 Copernicus, is now generally received by the moſt, and 
beſt Aſtronomers ;z it being indeed the moſt agreeable to the 


Motion of the Heavenly Bodies, confirmed bY Experience in 
the conſtant Obſervation of them, in which t 


| ele are Funda- 
mental Principles. 5 . 
1. That the Earth is carried round the Sun in a large Otb cr 


Path, betwixt the Orbs of the Planets Mars and Venus, once l. 


a Year. | 


mY 


2. That beſides this Annual Motion, the Earth turns round 
her own Axis once in 24 Hours. 


23. And that the ſaid Axis of the Earth, is inclined to the 
Plane of her Orb at the ſame Angle, and keeps in all Parts of 
it, nearly parallel to it ſelf. ws PRs 

On theſe Aſſertions, but chiefly the Second, to wit, © 

Diurnal Motion of the Farth about its own Axis, once n 24 

Hours, whereby all the viſible Appearances of the Sun, dd 
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Fixed Stars are ſolyed, I ſhall at preſent confine my Diſcourle, 


+4 on which the following Problems are grounded. 
8 = bee to a right underſtanding thereof, I will deſcribe the 
Circies of the Sphere, and how they are drawn in the Stereogra- 


bie Projettion, on the Plane of the Earth's Ecliptic, before 1 


ow to calculate any of its Requiſites. K 
gs In the following Deſcription, I make uſe (for the 
moſt part) of the ſame Letters for the ſame things, as before in 
the Pro/0maic Projection, treated of in this Chapter, 

Tue Deſcription of the Circles of the Sphere (as grounded on 


the 2ntient Pythagorean, or Copernic Syſtem of the World,) 


are as follow. e 8 
. The Sun illuminateth one half of the Body of the Earth 


continaally; as repreſented by Plate 8. Figures x and 2, 
wherein the Lines HKS, or HLS, which determine the illumi- 


rate part of the Earth's Diske A8, from the obſcure HDS; 
the fad HKS, or HLS, is called the Horizon of the Earth's 

Diske. | KI 1 | V 

| * 2, The Primitive Circle Y MT, is the Earth's E- 

cliptic ; which ever lieth in the Plane of the Ecliptic in the 

Heavens, ry Sh 


The Poles of the Ecliptic are K and L; the firſt is the North 


+ 


Pole of the Ecliptic, on the Earth's Globe, and the latter ths | 


South Pole thereof, ©. =: Ts Y 

The Poles of the Earth's Globe are P and I; the firft its 
North, and the latter its South Pole; each being 23d. 3om. 
from its correſpondent Pole of the Ecliptic ; that is KP, equal 


to LI, is equal to 23d. gom. on the Scale of Half. Tangents, 


and i; called the Line of Direction of the Earth's Axis. 

_ 2, The Equinoctial in the Heavens, or the Equator on the 
Earth, is repreſented by the Oblique Circles YQ =, or 
YA, of which P and J are the Poles, and they are drawn 


With the Secant of 2 3d. 3om. according to Problem 2. Caſe * 


of Spheric Geometry, in pages 112 and 1123. : 
. All Meridians paſs through the Poles of the Earth's 
obe; as here YP =, or VI, are Meridians, and drawn 
wth the Secant of 669, zom. the Complement of 23d. zom. 


as before, 


TE 25 Or 71 2 is called the Firſt Meridian; and the 


Meridian a PK yp, or & Ll yp is the Earth's Solſtitial Colure: 


for never the direct Rays of the Sun run parallel to this 
Mercan, (and that is, when the Sun appears from the Earth, 
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1 a Chap. IX. 
to be either in q; and yp ; then the longeſt or ſhorteſt Days are 
made in all Places on the Globe of the Farth. "Ps 
The Earth's Equinoctial Colure, is Y K a, or TL, for 
whenever the Central Rays of the Sun run parallel to it, the 
Days and Nights are equal in all places. Or, according to the 
Ptolomaic Syſtem, the Meridian Y P =, and VI, is the Equi- 
noctial Colure, tho? here we call it the firſt Meridian, = 
g. Circles of Longitude, paſs thro” the Poles of the Ecliptic, 
and in this Projection, are Right Circles; therefore are ſtreight 
Lmes, as YK =, S K, OK D, Se. Kt NY, 
Wherefore the Point in the Earth's Periphery, oppoſite to 
the Sun, or to a Star, or lying in a ſtreight Line produced from 
K or L, thro? the Center of the Sun, or any Star, is called the 


. Sun's, or Star's place in the Ecliptic. 


Theſe are the Great Circles belonging to this Projection. 
Now followeth, _ 8 
The Deſcription of the Parallels or Leſt Circles. 
6. Parallels of Declination, are here parallel to an Oblique 
Circle; the Equinoctial Y Q =, and VA, being ſuch. 


The Tropic's are two Parallel's of Declination, diſtant from 


the Equinoctial 23d. 30m. or 66d. zom. from each Pole of the 
World; as &fgf&, and Mhihy; the firſt is the Tropic 
of Cancer, the latter is the Tropic of Capricorn. 3 
Theſe Tropics are thus drawn; from the Scale of Hal! Tan- 
gents lay on the Solſtitial Colure 47d, (the double of 23d. 30m.) 
from Yp to g, or from ꝙ toi. Or thus; lay the Ha Tan- 
gent of 4.30. (the Complement of 47d.) from K to g, or from 
L toi: Then the middle between 4 and g; or between Vp 


and i, is the Center of theſe Tropics, | 


The Polar Circles, are two Parallels of Declination, diſtant 
from the Equinoctial 66d. 30m. or 23d. zom. from each Pole 


of the World as K non R, and LprpL; the fit is be 


* 


Artie, the other the Antartic Circle. 1 4 
They are thus drawn, on the Solftitial Colure, lay the Half 


Tangent of 35d. (the double of 23d. zom.) from K to o, or 


. 


from Ltor; then the middle between K and o, or between 


Land r, is the Center of thoſe Polar Circles. 9 


J. Parallels of Latitude, with reſpect to the Heavens, ale 

in this Projection, parallel to the primitive Circle, which here 1s 

the Ecliptic: as any Circle drawn on K or L as a Center, 54 
Parallel of Latitude. 1 Be 

All theſs Circles are General, as belonging to this 5 

| 7 555 16% 105 
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jeQion, without any Regard to the Latitude of any particular 
Place, on the Globe of the Earth. The Deſeriprion of the 
Me:icians or Hour Circles, Azimuths and Parallels of Latitude ; 

alſo how to draw them, {theſe being peculiar to 2 particular 


Latitude) you ſhall have in their proper place, as they come in 
Uſe in the following Problems. 


problem 1. The Sun's Place in the Eclipric giver ; to find his 
Di/tance from the North or South Pole of the Globe ; his Right 
Aſcenſion ; and the Angle which the Meridian ta ng through 

it makes with the Ecliptic. 

Example. The Sun's Place being in the beginning of Gemini, or 
bo Degrees from the firſ# Point of Aries; 1 ama his 125 
n from the Pole, Re. 

1. To do this, lay the Sun's Longitude God. on the Primi. 
tive Circle, from V to O. 

2. Through © and P, or O and I, draw a great Circle 
PD, or (QI D, which is the proper Meridian, to the Place of 
the Sun 

3. Ti hen, between the proper Meridian, the Ecliptic, and 
the Solflitial Colure, there is formed a Rectangle Spheric Tri- 
angle, having its Legs given ; 5 to nnd the —— and two 
1 * That 18, 


In the Rectangle Spheric Triangle P 8 ©, or 25 Os Plate 
J 4 4 1 and 2. 

. The Leg OS, is the Complement of the Sun's Longi- 
Wir from V, or his Diſtance from the EquinoCtial, god. 

2. The Leg 9 P, or S I, the Diſtance of the Pole of the 
Globe from the Ecliptic ; or the Complement of the Diſtance of 
i: Poles of the Globe und the Ecliptic 66d. gom. 

3. Ihe Hypotenuſe PO, of 10, the Sun's Diſtance from 
the North, or South Pole of the Globe. | 
1 + The Angle PO, or $1Q, the Complement of the 

Sun's OW Aſcenſion, from the neareſt Equinoctial Point. 


5- hie Angle PO , or I S, the Angle of the Proper. 
Med m with: the Ecliptic. 


1. For the Sun's Diſtance from the Pale, the Proportion by 

Chebref x 5. $e7ion 4. Problem 5. Caſe 14. of Spheric Trigeneme- 

= Retfangular, in pages 1 39 and 140, ig thus; 

| A 3 S. c. Leg O: :S. c. Leg P. S. c. Hypotenuſe PO. 
4 E 


8. 60 deg. 8. 23d. 30m. . S. 20d. 1am. the 
: That ie, 


_ is to the dine of the Sun' $ Longitude from => 


l defect 'on. 
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So is the Sine Of the two Poles Diſtance, to the Sine Com- 


ylement of the Sun's Diftance from the neareſt Pole of the 


lobe ; or to the Sine of PB, or IB, the Reflection, wich 
is equal to the Sun's. Declination 1 in the Ptolemaie Men. 


this Caſe zod. 12m. North. _ 
2. For the Sun's Right Aſcenſion, the Proportion is; 


- As Radius 8. Leg P S: . c. Leg SS N C. Angle O. 
_ As S. Od. S. od. zom. : T. God... T. $74. m. Sun's Right 
Aſcenhon. That is, | 


As the Radius, i is to the Sine Complement of the two Pole 
Diſtance z 


80 h the Tang: i of the Sun's Longi itude from the nearet 


Equinox, to the angent of his Right Aſcenfon from the fail 


| k 


. For the Angle of the proper Meridian with the Ecliptic; 
un Proportion i „ 
As Radius . 8. N Te. Leg 8 P Te. Ae es 
As S. god... S. god. : T. 23d. 30m. T. 12d. f 
Which fubtract eee — 90d. 2 
The Remainder being * — is the 
Angle of the Meridian and the Ecliptic. _ 
In the fame Rectangle Spheric Triangle, may Problems 2 ad 
3. of ect. 2. of this Chap. "be reſolved, which I paſs over. | 


Problem 2. The Latitude of 4 Place on the Globe of the Earth, 
aud the Sun's Place in the Ecliptic given; to find his Ani: 


bude, and Aſceuſtonal IG, and es wit his Na 
and Setting. 


Example. The Latitude 5 1d. 32m. North, Sun's Plare 008. , 


- Gemini given 3 what's the Sun's 4npltude, and Aſcenſ! 
ONT 4 
o do this, after you here dane what was directed in 
Problem t. Then get the Sum and Difference of the Latitude's 
Complement, and the Diſtance of the two Poles, that is, tht 
Sum, and Difference of 38d. 28m. and 23d. om. the firlt 1 
61d. 38m. and the latter is 14d. 58m. 
2. Then make K t, or L t, equal to the Half Tangent ol 
614. 58m. and alſo Em, or Lm en to 144 58 m. from 


3 ſame Scale, 


The middle between m and. t, is the Center of tt 
ci abeztdehm, which is the Parallel of Latitude fot 
31d. 3zm. and in this Projection, it's the Line deſcribed b 
Lendon, as the Earth turns round, and from thence is calledt 
Path of the Vertex. 


8 od . K Yd Py obs A oa 


wy — hos — oo, OO — 


e 2 aw 


et, V. 


Akrouemic Erol. 
And if you conceive the Colures, all the Meridians, the Path 


of any Vertex, ard indeed all the Lines and Circles that are, 
or ſhall hereafter be deſcribed, as a fixed Rete, cloſe inveſting 


the Earth, whillt ſhe turns round within it, whoſe Motion a- 


bout its Axis 3 from Weſt to Eaſt, then the Sun is faid to 


Riſ:, when the Vertex paſſeth that Point in the Path where it 
cuts the Horizon of the Earth's Disk, which is here at 4; Lo 


culminate or to be on the Meridian, where it croſſeth the pro- 


per Meridian betwixt him and the Pole, which here is at 2; and 
to Set where the Vertex paſſeth the other InterſeCtion of the Patti 
423 Horizon, as here at h, | 


4. Thro' 4 and ©, draw a great Circle, as alſo thro' 4 and 
P, ſo have you two Triangles, on the Eaft-fide of the Meridian; 
to wit, OPa, and PBaz in like manner if you draw Great 


Circles thro? P and h; and thro? © and h; they will form 


two Triangles en the Welt, or deſcending Side of the Meridian: 
But any one of theſe four Triangles may ſerve to, anſwer the 
Problem, and therefore I take one Triangle at Sun Rifing, which 


may ſuffice for Sun-Setting ; wherein obſerve, PRs 

In the Rectangle Spherical Triangle PBa. Plate 8. Figure 1. 
1. The Leg PB the Reflection, or that which is equal to the 
Sun's Declination, found by Problem 1; in page 239. to be 
20d. am M ⁊˙ê / . Hg 

2. The Hypotenuſe Pa, the Complement of the Latitude of 
the Place, or the Diſtance of the Pole from the Vertex, in this 
Example 38d. 28m. _ 5 98 

3. The Angle BaP the Amplitude, or the Complement of 


the Sun's Azimuth, from the North in North Latitude; and from 
the South, in South Latitude; for the Angle P40 is the Aui- 
muth ſrom the North at Sun Riſing, and the Angle BaP is its 


Complement, and therefore equal to the Sun's Amplitude, 


4. The Angle BPa, the Hour from Midnight; that is, the 


time of te Sun's Rifing after, and Setting before 12 at Night. 

1. or the Angle Ba P, the Sun's Amplitude; the Proportion 
„n 5. Section 4. Problem 1. Caſe 2. in pages 135 and 
A*S. Hypotenuſe Pa · Radius: : S. Leg BP 8. Angle Ba P. 
488. 354. 28m. -- $. god. : :. 200. zm, „.S. 330. 43m. 
"Tha z. 95 


% 


v0 is the vine of the RefleCtion, to the Sine of the Sun's Ampli- 


tude, 33d. 43M. from the Eaſt Northerly, at Sun Riſing; and | 
kom the Weſt Northerly, at Sun ONT 7 


. wor 


y 1 « 
* * * 


Asthe Sine Complement of the Latitude, is to the Radius; 


n * a 
3 — * * 8 8 4 - A 1 
er e eee ee 


> — . ˙ ü mn a; n N i . AS 
— = 
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K Radius - * c. Hypot. Pa: : T. Leg BP. 8. c. Angle JA 
2 fd. $ A. Difference, which is equal to Th. 5om. 


Which is the Time the Sun riſeth before 6 ; and as much after 6, 
is the Sun's Setting; becauſe the Latitude is North, and the ON 


| Latitude —— 514. zam. N. : giver; The 7755 Zenith Diſtance, 


= of the Vertex, or Parallel of Latitude is drawn, as before in 


juſt to touch the Path of the Vertex, on either hide of it, as the 
Oblique Circles Oc d, and Od D. 


cut Oc, or Od at Right Angles, which is the Place of the I 
Vertex. when the Sun ſhall appear due Eaſt, or Weſt: And 


| fame things are given and ag roma Therefore obſerve, 


or Complement « of the Latitude, in this Example 38d. 28m. 
plement of his Altitude when Eaſt: and the fame when Well. 


2. For the Angie B Pa, the Complement of the Aſcenfion,l 
Difference, the Proportion by the affen Problem 1. Caſe 1. 
in page 135, is thus, 


45d, 51d. 32m. : : T. 209. 12m. . 8. 27d. 35m, 


in -2 Northern Sign; but it's the contrary, when one is North 

and the other South, | 
In this Triangle may Problems » 5, 6 » 7» 8, 9, 10, and 11, 

of Section 2 of this Chapter be ſo ved. 

Problem 3. The ſame given as before in Problem 2. to find the 
Sun's Diſtance from the Vertex, when due Eaſt, or Weſt, and 
the Time from Noon when he ſhall be fo. Plate 8. Figur, U. 

| Example. 

Sun's Place ood. oo in Time when he 1: EA 

or Ne Required ? 
1. To delineate this, after the proper Meridian, and Path 


Problem 1 and 2. Then thro* © and D, draw a Great Circle, 
2. Through P and c, or P and d, draw a Great Circle, to | 


then are formed two Triangles Pe O, and Pd; one When 
the Sun is Eaſt, and the other when he is Weſt; in each the | 


In the Rectangle Spheric Triangle, Pc S. Plate 8. Fig. 1. 
x75. The adam PO the Sun's Diſtance from the Pole, | 
found by Problem 1. to be 69d. 48m, the Complement of the 
Reflection. | 
2. The Leg Pc, the Diſtance of the Pole from the Vertex, 


4. The Leg © c, the Sun's Diſlance from the Ventex, or Com- 


4. The Angle © Pc, the Hour from Noon, when he is, cr 
{hall appear to be Eaſt, or Weſt. I 
1. For the Leg Oc, the Sun's Zenith Diftance, the Fo- 

portion by Chapter 5. Section 4. Problem | 1. Caſe 3. in pages 
135, and 136. is, 5 4 


F Right Angled Triangle b PO. Plate 8. Figure r. 


6 


J. Atrouomic Probi. 2433 | 
Leg Po. Radius:: S. c. Hypot. OP. S. c. Leg o.. 
xd. 32m. . S. od.: : 8. 20d. 12m. . S. 26d. 10m. 1 
Wititude ween Eaſt, and the ſame when Weſt. 19 


4 


= | tb, ee e e "i | 
e Sine of the Latitude, is to Radius 3 
the Sine of the Reflection, to the Sine Complement of U 


„Zenith Diſtance; or his Diſtance from the Vertex, in 
e 63d. 5OM. „ PN 5 1 
Wot the Angle © Pc, the Hour from Noon, the Propor- 1 


us .. T. Leg Pc :: T. c. Hypot. G)P .. S. c. Angle OPc. 
5d... T,38d.28m.: : T. 209. 12 .. S. 15d. oom. or 1h. 8m. 
f EF © „ „ 9820 200 
De Radius, is to the Tangent Complement of the Latitude; 
the Tangent of the Reflection, to the Sine Complement 
Tout from Noon, when the Sun is due Eaſt, or Weſt ; 
Wn is Eaſt at 8m. after 7 of the Clock in the Forenoon, 
tat 52m. after 4 in the Afternoon. . 
Triangle may Problems 18, tg, 20, 2t, 22 and 23; 
on 2. of this Chapter be reſolveec. i 
W: 4. The ſame given as before in Problem 2. to find the 
s Diftance from the Vertex ; and his Azimuth at the 
of Six. Plate 8. Figures, „ 


| Example. 8 
Latitude td. 2m. N, : — 0.9 Zen. Diss. 
Sun's Place 85 1 I ei ven 3 Thy Sun's Lim 
x of the Clock is required? . 
W > delineate this; after the proper Meridian, and 'Path 
ertex is drawn, as before in Problem 2. Then thro” P, 
Great Circle, at Right Angles with the proper Meridian, 
th Path in b, and in e, and the Horizon of the Earth's 
A, where it always interſects the Equator, as the Ob- 
ircle AbPe, or Able; which is the Meridian or Hour- 
Wi Six, ſo that b (in the Path) is the Place of the Vertex 
the Morning; and e its Place when Six Afternoon. 
bereſore thro' ©, and b, or O, and e, draw a great 
and you will form two Right Angled Spheric Triangles 
reg; one of them is ſufficient to ſolve the Queſtion, 
Fu Triangles, If you rake the fiſt at dix in the Morn- 


Willows, 


* 


WP bc Leg Pb, the 1 1 of che Pole from the Vertex; 


4 
7 % — 1 <4 * 58 * . 
ne Wola ior EVITE DL AY ITS 


2 $4 
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As T. 4 45d. T. ord. 2a: T. 20d. 12m. . 8. 2 


which is the Time the Sun riſeth before 6; and as muc! 
is the Sun's Setting; becauſe the Latitude is North, an 


and the other South. 


of Section 2 of this Chapter be fo ved. 


| Latitude 51d. 32m. N. q given ; The Sun's Zenith 


or Weſt Required? 
_ Oblique Circles Oc d, and Od D. 


the Sun is Eaſt, and the other when he is Weſt; in « 


; portion by Chapter $+ Section 4+ Frobtem To. Caſe 3 


Alone Probing. ©." 


2. For the Angie B Pa, the Complement of the A 
Difference, the Proportion by the aforeſaid Problem 1. 
in page 135, is thus, 

As Radius .. * c. Hypot. Pa: : T. Leg BP. S. c. An 


the Sun's Afcenfional Difference, which is equal to 1 


in -a Northern Sign; but it's the contrary, when one 
In this Triangle may Probl ; 17 6, 7 By 95 10, 


Problem 3. The ſame given as before in Problem 2. te 
Sun's Diftance from the Vertex, when due Eaſt, or 
ihe Time from Noon when he ſhall be fo. Plate 8. FE 

Example. 

Fun's Place ood. oo in 1 Time when he 


I. To delineate this, after the proper Meridian, al 
of the Vertex, or Parallel of Latitude is drawn, as bi 


Problem 1 and 2. Then thro* © and D, draw a Greaſ 


juſt to touch the Path of the Vertex, on either ſide of i t 


2. Through P and c, or P and d, draw a Great © 
cut Ocd, or Od D at Right Angles, which is the Plac 
Vertex. when the Sun ſhall appear due Eaſt, or We 
then are formed two Triangles Pe O, and Pdo; of 


- "508 


12 
2 2 


ä FE </ 
ö N 
7s n Fa ET: 1 
S 2 tet 
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. 3 
e of of RE * T3 
9 ne Bt q oth 
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fame things are given and hy uired. Therefore obſerve, 
In the Rectangle Spheric Triangle, Pc S. Plate 8. 
'x; The 57 PO the Sun's Diſtance from 1 
found by Problem 1. to be 69d, 48m, the Complemen 
Reflection. | 2 
2. The Leg Pe, the Diſtance of the Pole from the Witt | 


X 7 78 13 

* 4 Wo EM 
# N 1 
; "0 
1 


or Complement of the Latitude, in this Example 38d. 2} ©, 


3. The 12 O C, the Sun's 3 from the a 0 jet 


1. For he Lon Oc, the Sun's Zenith Diſtance, | * T 
1335, and 136. is, 


ON" 


&&, IV. Aſtronomic Broblais. ; 
As S. c. Leg Pc -- Radius: : S. C. Hypot. OP., 8. e. Leg Oc. 


As S. 51d. 32M. .. S. god. 8. 20d, 12m. .. S. 26d. om. 


Bun's Altitude ween Eaſt, and the lame when Weſt, 
at is, 


As the Sine of the Latitude, is to Radius z 


So is the Sine of the Reflection, to the Sine Complement of 
the Sun's Zenith Diftance ; or his Diſtance from the Vertex, in 
this Caſe * som. 
che 


2. Fot the Angle © pe, the Hour from Noon, the propor- 
tion is; 
As Radius .. 1 Leg Pc : Te. H ypot. OP... 5. © Angle Obe. 


As T. 45d. T. 38d. 28m. ; T. 205 12“. 8. 7d. oom. or Ih: zm. 
Thar 1 is 


go is the Tangent of the Reflection, to the Sine Complement 
of the Hout from Noon, when the Sun is due Eaſt, or Weſt ; 


{ The Sun is Eaſt at 8m. after 7 of the Clock in the Forenoori 
and Welt at 52m. after 4 in the Afternoon. | 


of Section 2. of this Chapter be reſolved. 


Sun's Diftance from the Vertex; and his Azimuth at the | 
| Hour of Six. Plate 8, Figure ER 


„ | E xample, 

a Lat 32m. f , Zen. Dips 
A The \ Sun's Place 00 oa in 1 Þ given ; The Sus , Azimuth 
at Six of the Clock is required? 


0 delineate this; after the proper Meridian, and 'Path 
c Vertex is drawn, as before in Problem 2. Then thro” P, 
as Great Circle, at Right Angles with the proper Meridian, 
Wt cut th Path in b, and in e, and the Horizon of the Earth's 
E Disk it: A, where it always interſects the Equator, as the Ob- 
$ lique Circle AbPe, or Able; which is the Meridian or Hour- | 


WS: Six in the Morning; and e its Place when Six Afternoon. 
Z W 2. Therefore thro? ©, and b, or O, and e, draw a great 
. 5 72 and you will form two Rig ht Angled Spheric Triangles 
=P: ©, geo; one of them is füßcient to ſolve the Queſtion, 
E £1 deing w Triangles. If you take the fixſt at Six in the Morn- 
oo, 

e Right Angled Triangle b PO. Plate 8. Figure r. 
3 | 1. The Leg Pb, the K 11 of the Pole from the Vertex; 

2 | or 


L hs 


As the Radius, is to the Tangent Complement of the Latitude ; 


In {11s Triangle ma A. e 18, 19, 20, 2t, 22 and 23, 
Prebſem 4. The fame given as before in Problem 2. to find the 


ice el Six, fo that b (in the Path) is the Place of the Vertex 


A AC SIE 


—— — des, < 
yet Ml . OI = 


244 1 | Albtronomic Problems, © a N. 
or the Complement of the Latitude, in this Example 38d. 28m. 
2. The Leg P, the Sun's Diſtance from the Pole, found hy 
Problem 1. to be 69d. 48m. the Complement of the Reflection. 
it 3. The Hypotenuſe bG), the Sun's Diſtance from the Vertex, 
i IR or Complement of his Altitude at the Hour of 65. 
1 4. The Angle Pb), his Azimuth from the North, in all 
North Latitudes, and the contrary in South Latitudes : Por in 
what part of the Path ſoever the Vertex is found, that part of 
the Hour Circle, intercepted betwixt it and the North Pole of 
the Globe, is the North part of that Meridian, or Hou 
Circle; and intercepted betwixt it and the South Pole, | is the 
South part of the Meridian. 
5. For the Hypotenuſe b © the Sun's Diſtance from the Ver- 
tex at the Hour of 6, the Proportion (by- Chapter 5. Section + 
Problem g. Caſe 14. in Pages 139 and 140.) is; 
Radius . S. c. L Los Bb. S. c. Leg PO- 8. C. Hyp. b @. 
8. god. -- S. 51d. 32m. :: S. 20d. 12m. . 8. 1 5d. 41m. the Sun's 
KR Altitude at 6 in the Morning, or at 6 in the Afternoon. 
# That 85; 
As the Radius, is to the Sine of the Latitude; "bb 
So is: the Sine of the Reflection, to the Sine of the Sun's | 
Altitude, or Complement of his Diſtance from the Vertex, at 
the Hour of 6, equal to 74d. 19m. 
2. For the Angle PO, his Azimuth at 6, the Proportion 
is 3 | 
As Radius S. Leg Pb: : T.c. Lex. PO T. e. Angle Pb O. 
As S. 90d, . 8. 300 28m. : T. 20d. 12m. . . T. 12d. 53m. Sun's 
Azimuth from the Eaſt, at 6 in the Morning 3 but from the 
Weſt, at 6 in the Afternoon. vo 
Ki: fo „ 
As the Radius, is' to the Sine Con plement or U the * INE 1 
So is the Tangent of the Reflection, to the Tangent Com- 
plement of the Sun's Azimuth from the Meridian, at the Hour 
k 6, equal 10 7d. 7m. from the North; that is, almoſt E WW 
5 by N. at 6 in the Morning, and near W. by N. at 6 in the Wl 
78  Aﬀernoon.. _ = 
4 - In this Triangle may Problems 12, 1 Þ» 14, 1 $a 2 r6, and I's 
[| ; of Section 2. of this Chapter be reſolyed, - | 
Prob. 5, The Sun in the Equinoctial, the Latitude 5 a Place, I 
and his Altitude given, to find his Azimuth, and Hour of the Da). t 
| Note; The Sun is fid to be in the Equin inoctial, when he is I! 
the beginning of Hs or = and then he hath no Declinaiion. , 
| £4 e 
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Ex. Te 5 Latitude 51d. yum N. nM. eben 2 Sun's Aximuth 


O Altitude 33d. AM Hour of the Dey 
Req vid? To delineate this. Plate 8. Figure 1. 


1. The Sun in the Beginning of V, then the Horizon of 


the Farth's Disk is &PK yp, and the proper Meridian then, 


is VP; the Sun's riſing at London is at m, his Setting at 
t, c. The Path of the Vertex Nn drawn as before in 


f 4. 
2. Then (by Problem 9. Caſe 2. of Spheric Geomety, in 


page 121.) draw a parallel Circle at 57 deg. diſtance from Aries, 
to cut the Path in b, the place of the Vertex of London, when 


its qiſſance from the Sun i is 57 deg. the nee or the Sun's. 


* 
Draw a Meridian through P and b, and A Creat Cir- 
cle row b and V, the place of the Sun, ſo will you form 


the 1 cianele Pb, and b PK; either of them will ſolve the 


Queſtion: 


"Y the Rectangle Spheric Triangle PRb. Plato 8, _ Figure . 
. The Hypotenuſe Pb, the Diſtance of the Pole from the 


Path of the Vertex, or Complement of the Latitude, equal to. 


28d. 28m. 
2. The Leg Kb, the Sun? $ Ahitude, or the Complement of 
hi- Ditzance from the Vertex, equal to 33 Degrees. 
. The Angte-PbK, (the Supplement of the Angle pb y, 
the Sun's » Azimuth from the North) is the Sun's Azimuth from 


the South, in all North Latitudes ; z but from the North in all 


South Latitudes. 


de Angle bÞK, the Complement of the As bP * 
the Hour from Noon) is the Hour of the Day from ſix. 

For the Angle PbK, the Sun's Azimuth from the Me- 
425 the Proportion (by Chapter 5, Section 3 a Problem 1. 
Caſe 1. in page 135) , 

As Radius .. T. © th por. pb: : T. tant 8. e. Angle PbK. 
A8 T. 4 5d. 3 1 e T. 33d. 8. $44. 49m- the Sun's 


| Azmuh from the Eaſt : That i is : 


As Radius, is to the Tangent of the Latitude; 1 i ty 

do is the Tangent of the Sun's Altitude (v hen | in the \Egui- 
nol) to the Sine Complement of his Azimuth from the South, 
that is 350, 11m. South Eaſterly, or S. E. by S. 4 E. almoſt ; 


NA 


2. For the Angle Po K, the Hour from ho the Proportion is, 


23 G ee As 


= X 
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As B. Hypot. PB. Radius:: S. Leg Kb.. 8. An b PR. 
As 8. 38d. 28m. . S. god. : : S. 33d. em. . S. 61d, om. 
equal to 4h. 4m. That is; | gh 3 

As the Sine Complement of the Latitude is to the Radius; 


So is the Sine of the Sun's Altitude, (when in the Equi. 
noctial) to the dine of the Hour from Six, 61d. 6m. equal to 


4h. 4m. which add to 6 makes 4m. after 10 in the Morning 


— had it been in the Afternoon, it muſt have been ſubtracted 


In the ſame Triangle, five Problems more may be reſolved, 
which I leave the Learner to invent. 


Problem 6. The Latitude of a Place, the Sun's Place in the k- 
cliptic, and his obſeryed Diſtance from the Vertex given ; to 


find his Azimuth, and Hour of the Day. Example. 


Sun's Place oo. oo in It 
O' Mifitudr 36. 00 A. M. 


T © Latitude 51d. 32m. N. 7 ,, . Cfun's Arimurb) N 
re? itu 51d. 3 zer imu. 95 


The 2 uur oſtbe boy Os 


I ̃700 delineate this, Plage B. Figure 1. 
1. Draw a Parallel Circle, 54d. Diſtance from ON (the place 
of the Sun) and where it cuts the Path (of the Vertex) is the 


place of the Vertex, when it's Diſtance from the Sun is 544. ot 


when the Sun's Altitude is 36d. as here it doth at 7 at 5. 
2. Thro' 7, and P; and thro' 7, and C; draw Great 


Cireles, which will form the Oblique Spheric Triangle ©P 7 
the like, may be done thro” 5 and P, and thro* 5 and @ 3 which 


will form two othet Triangles equal to them. 
In the Oblique Spheric Triangle QP 7. Plate 8. Figure 1. 


1. The Side PO, the Diſtance of the Sun from the Pole, 


ſound by Problem 1. to be 69d. 48m. the Complement of the 

Reflection 20d. x2m. equal to the Sun's Declination. 

2. The Side Py, the Diſtance of the Pole from the Vertex, 

br the Complement of the Latitude, equal to 38d. 28m. 
3. The Side Oy, the Sun's Diſtance from the Vertex, or the 


Complement of kis Altitude in the Forenoon 544. oom. 


4. The Angle P7 O, the Sun's Azimuth from the North. 
5. The Angle © Py, the Hour of the Day from Noon. 
The Angles P/ © and QP7 way be found by Chapter 5: 


Section g. Problem t 1, Caſe 11. of ObBique Spherig Trigonomet): 
2 


n pages 147 and 148, for there are three Sides given, to find 1. 
Ange ; ard-when wrought you'll find the Angle P7 © 193 


190 


sect. IV.  Aftronomic Nuit. 247 


12m. the Sun's Azimuth from the North, or 76d. 48m. ag] 
the South Eafterly, which makes E. by S. almoſt. 

And the Angle ©®P7 is 57d. om. or. 3h. am. the Hour 
from Noon, which is Sh. 12m. in the Morning. 

But had it been in the Afternoon, then the Hour of the Day 


w by S. almoſt, 


10 of Section 3. of this Chapter be reſolved. 


W 2:2: 7. The Longitude, and Latitude of a Star given; to. 


find its Right Aſcenſion, and Declination. _ ; 
Example. Let the propoſed Star be Capella, and ſuppoſing its 
Longitude 18d. 02M. in 1 M$ what is is it's Right Aſtenſiom? 
L *titude 22d. 52m.North ? Declination ? 
To delineate this Problem. Plate 8. Figur.. 
1. Lay off the Star's Longitude * ozm. (from the Choo) 
on the Primitive Circle, from Y W y, and draw the Circle 0 
Longitude K y. 
| 2. From the Half Tangents lay 674. o8m. (the Complement 
of the Star's Latitude, or its Diſtnace from. the neareſt Pole of 
the Ecliptic) on the Circle of Longitude from K to &. 


3- Ihro' P, and &, draw a Great Circle, which is a Meri- 


Gm paſſing over the Star, and it's done. 


In the Oblique Spheric Triangle KP, Plate g. Figure 1. 
Obſerve: 


Direction of the Earth's Axis equal to 23d. 3om 
2. The Side K &., the Star's Diſtance from ks Pole of the 


o8 min. 


3. Uhe Angle PK , the Star's Longitude from the Solfti- 

tial Colure, in this Problem 11d. 58m. from S. 

4. The Angle K &, the Star's Right Aſcenſion from the 
oppolite Point of the ſame Colure, | 

5. ihe Side PX, the Star's Diſtance from the Pole of the 
Globe, or Complement of his Declination. 

So (hut here are two Sides, and an Angle between them gi 


by Chapter 5. Section 5. Problem g. Caſes 7 and 8. of Obligue 
lere Trigonametry, in pages 144 and 145, and being the 
ame as Problem x1. of Section 3. of this Chapter, in page 234. 


Lirave ic to the 9 Working. 
Q4 e 


„h. 48m. and the Azimuth 96d, 48m. South Weſterly, or 
In this Triangle may Problem t, 2, 3. 45 5, 6, 7. 8, 9 and + 


1. The Side PK, the Diftance of the two Poles, or Line of 


Ecliptic or the Complement of its Latitude, equal to 67 deg. 


itn; do find an Angle, and the third Side; which is performed 


248 e Pete „ Cay IX; 


Problem 8. The Latitude of a place, the Sun's place in tho E- 


clipric, and the time of the Day given; to find what point of 
the Ecliptic culminates the higheſt Point in the Ecliptie, (cal- 

led the Nonageſima Degree, or goth Degree of the Diſtance 

of each of theſe from the Vertex, and the Parallactic Angle, 
| vo Angle which the Vertical Circle makes with the Eclip- 


Ts uſual. to find theſe things in the Calcalation of Ecliphs, 


and the Moon's paſſing over Fixed Stars; which in the Pto/o- 


maic Projection, are with much Difficulty yy 395 in this 
moſt readily and eaſily repreſented. | 


E n 

Latitude 51d. zam. N 4, 
Sun's place ood. oom. in I gien; the 3 Nonageſima Degree 
Hour gh. oom. AM. ; Vert. Dift. of each 
tequired ? To delineate this. Plate 8. Figure 1. 

1. The Sun's place, proper Meridian, and Path of the Ver 
tex, being drawn as before, draw an Hour Circle, or Meridian 
thro* P'458. (the Diſtance of the given Hour) frem the proper 


Point —.— 


Meridian, as Po, to cut the n of the Vertex } in 9, and the 


Farth's Ecliptic in C, and in F. 
2. Thro ©9, and D, draw a Verticle Cucle; and thio 
K, and 9, draw a Circle of Longitude, to cut the Primitive 


"Circle in N, and it's done. For, 


1. © is the point of the Ecliptic Culminating, or in the 


Meridian ot the place, at the given time. 


2. N is the Nonageſima Degree, or the Higheſt poin of the 


 Ecliptic at the ſame time. 


3. Cg, and Ng, are their reſpettive Diſtances, from Landi. 
Vertex at that time. 
4. The Angie NG, is the Paralactic Angle, or Angle which 


the Vertical ircle makes with the Ecli ptic at the ſame oe: 


„in wee Rectangle Spheric Trlangle P C. 
1. The Angle C Pg, is the Complement > the Riaht Af- | 
cenſton of the ce keen, or point of the Ecliptic in the Me- 


kridian of the place at the propoſed Time, being the Time from 


Noon, (when Aube added to the Sun's Right Aſcenſion, 
found by Problem 1. But when the propuſed Time is in the 
Forenoon it muſt he ſubtracted) in this Caſe is ,57d. 11m. the 
Complement of t ad. 49m. foutid by ſubtracting (the Time) 
450. from 57d. 40m. the Sun's Right Aſcenſion. 
The Leg P, is the Coinpletnent of the Diſtance of the 
Poles of the Globe, and Ecliptic, equal to 66d, 30m. - The 


Section 5. 


Sect. V. 5 deb, 1 249 


z. The Teg C, the Cotnplement of V C, is the Longi- 
tude of the Mid-heaven, or the Point of the Ecliptic Culmina- 
ting in the Meridian, at the 2 ofed Time. 

4. The Hypotenuſe CP, the 
he next or neareſt Pole of the Globe, at the ſame Time. 


1. For the Leg C'S, the Point Culminating, the Proportion 


by Chapter 5. Section 4+ Problem 5 Caſe 7. in pages 137 and 


128, is; | 
XR Radius · 8 Leg 7 8 8 g Angle CPS T. Leg Ce. 
As S. god. . 8. 66d. 3 d. 11m... T. 764 om. whoſe 


Complement 13d. goo is 170 therefore the Longinade or 5 


the Mid-heaven is 1 3d. 
2. For the Hypotenuſe 
Radius 
8. god. . 8. 12d. 48m. : : T. 23d. 30m. . 
Complement 84d. zom. is PC, from Which take away P 
the Diſtance of the Pole from the Vertex 38d. 28m. the Re- 


8m- in V. 
e CP the Nene en Wy: 


mainder is gC, the Diſtance of the e from the Ver- ; 


tex 46d am. in the Oblique Spheric Triangle PyK. 

I, 1 he Side PK, the Diſtance of the two Poles 9 Jos... 

2. The Side” Po, the ren of the Latitude of the 
Place, 38d. 28m. 

3. The Angle KPg, the Difference of the Right Auen 
of the Mid been — the firſt Point of Capricors, equal to 
1024, 48m. found by fubtracting 270 Degrees, out of (12d. nr 
added to 360 Degrees, which is) 372d. 48m. 


4. The Angle Kg, the Longitude of the Neu ima from I; 


the irit Point ot g. 


3 The Side Kg, the Complement of the Nonagefi ma's Di- 


ſtance ſrom the Vertex. 


Fir, for the Angle PKg, the Proporiah! by Clupter CH 

Problem 9. Caſe 7. in pages 144 and 145, is thus, 
1. As the Sine of half the Sum of the Sides Pg, and PK, is 
to the Sine of half their Difference; 


So 13 the Tangent Complement of half the Angle K 


Tangent of halt the Difference of the Angies P Kg, wy 9K ; 


; 1 4 


2. As the Sine Connlamett of half the Sum of the Sides 
Po, ad PK, is to the Sine Complement of half their Diffe- 


Tence ; 


50 is the N Complement of half the Angle KP 95 


the Tangent of half the Sum of d the N PKg, and . 


iſtance of the Mid- heaven "TI 5 


S. c. Angle C Pg: : T. c. Leg Pe  T.c.Hypotenuſe oP. WE 
T. 5d. 30m. whoſe 


po, to the 


3 


r 
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Which 
ping added, is the Angle FR —— er qual to- N. 


Remainder is the Long. of the Nong ma—= 35. 52 from Arien 


Therefore the Place of the Nenageſima is 5d. 52m. in Taurus. 

Secondly, For the Side K 9, the Proportion is thus; 
As S. Angle PK g-- 8. Side Po: 8. Angle KPS S. Side Kg. 
As S. 54d. o8m. - 28 8d. 28 m.:: S. 102d. 48m. . 8. 48d. 28m. 
the Diftance of the Vertex from the Pole of the Ecliptic, cqual 
to which is the Altitude of the Nonageſim, whoſe rs 
41d. 32m. is Ng, its Diſtance from the Vertex. 

Again, in the Rectangle Spheric Triangle ON q. 

1. The Leg ON, the Sun's Diſtance from the a 
in this Cafe 24d. o8m. found by ſubtracting YN 35d. 52m, | 
from VO 60d. vom. 
2. The Leg Ng, the Diſtance of the Nenageſims from the 
Vertex; e ei 22M. 

2 The Hypotenuſe Oo, the Sun's Diſtance from the Vertex. 

4. The Angle NO, made between the Vertical Circle and 
the Ecliptic, is the Parallactie Angle; to find which, the Pro- 
portion (by Chapter 5. Section 4. Problem 5. Caſe I 3˙ in Pages 
139, and 140) ij, 
As Radius ++ S, LegON : T. c. LegNg- T. © Angle N Oo 
As S. god. ++ S. 24d. O8m. : : T. 48d. 28m. T. 244. g7m. whole 

2 654. 13M. is the ParallaCtic Angle Nog at 

e Sun. 

And for the Hypotenuſe © 9, the Sun” 8 Diſtance from the 

Vertex, the Proportion is, 
As Radius -- S. c. Leg ON: : Sc. Leg No 8. c. H ypot. Oo. 
8. god. S. 65d. 52m, : 8. 48d. 28m. . S. 43d. (AM whote 
S - Complement 46d. 55m. is the Sun's Dames from the Ven 
tex, at the propoſed Time. 
| But to calculate the Parallactic Angle at the Moon, or at a 
Scar, that has Latitude from the Ecliptic, it will roquire a lit 

more Labour, as in the next Problem. | 


Problem q. The Latitude of a Place, Sun's Place in the Eclipe 
tic, Time of the Day or Night, and the Longitude, and Lat! 


| tude of the Moon, or of a Star, being given; to find the "_ 
aftic 


ming ORAEO ———————— 
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lactic Angle at the Moon, or at the Star ; amd it's Diſtance em 
the Vertex. | 


1 eh 1 4 
Latitude 51d. 32M. 3 : | 
Sun's Place ood, oom. in 1 res alla. 41 „ 
Hour -—— gh. A. M. . and 1 .* - 
N Capella Lon. 18.02 in 1 n n Dj it. 

Its Letitud. aa. 32 1 „ 


| To delineate this, Pla 8. 1 1. | 
1. Lay off the Sun's Longitude, and draw the proper Meri- 
dian, Path of the Vertex, the Hour Circle according to the 
propoſed Time, the Vertical Circle, and Circle of LAG, 
in all ll reipects as before in Problem 8. 
2. Tay off the Star's Longitude and Latitude, as before j in 
Problem 7. then is N the Place of the Nenageſima, 9 the Ver- 
tex, and & the Star's Place, | 
Through & and , draw a great Circle, and it's done. 5 
Fer + 9 is the Star's Diſtance from the Vertex; and the 1 5 
Angle K X 9, the Complement of the Parallactie Angle requi- 
| red: In order to the finding them by Calculation. 
Firſt, Find the Place of the Nonageſima by Problem 8, which ' : 
kin fare hy 52m. equal to YN 35d. 52m. —_— 
he | | 1 


. * Pp % * 
FFC PGP 
2 2 — on - * — 2 . © - N * * * * 2 "FEY 2 
| . * . 2 A 2 A YR 445 


ie ta IR”. + 


” # — „ — * ” 
r y ”y 
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Secondly, Nan ma's Diſtance Som the Vertex, which 14 

's Ng, is equal to 41d. 32m, | | : 
Then in the Oblique Spheric Triangle X K9. 1 

1. The Side K &, the Star's Diſtance from the next pole „ 
7 the en or the Complement of it's Latitude, equal to 1 4 
d. o8m. e 1 
11 The Side K q, the Diſtance of the Vertex from the faid W 
Pole, which. is a to the Altitude of the ney ima, 48d. i 
Am. found by Problem 8. in page 250. = 
3. The Angle & K 9, the Difference of the Longitude of ns 
ths given Star, and the Nenage/ima, equal to 42d. 10m. and is if 
ihe Diiterence of VN 35d. 52m. and Y y 78d. 02m. tl 


4 Tix Angle K 9, the Complement of the PO 
| Angle, at the given A. 

5. The Side 9, the Star's Diſtance from the Vet, ©. 
Tit. To find the Angle K+ 9, the oy ay by Chap. 5. 


Section 5. Problem 9. Caſe 7. in pages 144 and 145, is, va N 5 
i. As the Sine of half the * of the Sides K &, and K 9 is N g 
10 be me of half their Difference: So is the Tangent . — 


ment 


252 MAronomic Problems. 
ment of half the Angle & Kg; to the Tangent of half the Dige- 


n 


Chap. IX 


rence of the Angles K 9 &, and K 9. Then, 
2. As the Sine Complement of half the Sum of the Sides KK, 


and Kq, is to the Sine Complement of half their Difference; 


So * the Tangent Complement of half the Angle & KY to 


_ the Tangent of half the Sum of the Angles K9 & and KK 9. 


That is; 
„ / ¾˙5ʃ“ò ß ß 
1. As S. 57.48. S8. 9.20: : T. 68.55. T. 26.26. And, 


2. As S. 32. 12. S. 80.40: : T. 68.55 T. 78.14. They being | 
ſudtracted, gives the Angle K%9 =———=51.48. whoſe Comyle. 


ment 38d. 21m is the Parallactic Angle at Capella. | 
Secondly, To find $9, the Vertical Diſtance, the Proportion is 
As S. Angle K+9.. S. Side Kg : : S. Angle Kq .. S. Side x. 
As S. 51d. 48m. .. S. 48d. 281n. : : S. 42d. om. . S. 30d. 45m, 
The Diftance of the Star Capeila from the Vertex at the Time 
„„ nes; „„ 5 
1 émight proceed to other Problems, and fhew how they are 
formed and repreſented in this Projection, but I leave that for 


the Learner's Exerciſe, | 
I paſs by what (at firſt) I intended, which was the Orthogra- | 
phic Projection of the 
to the Sun or Stars, and all the Appearances of an Eclipſe, Oc- 


lobe; whereby the Moon's Appultes 


cultation or Tranfit, are repreſerſted to the Eye; uſeful to find 


the Longitude of Places, on the Globe of the Earth, a thing 


much talk'd of, greatly defired, and by ſome pretended to be 
found, though not made known, and I believe will never be 
made practicable at Sea. However, by this Hypotheſis, with 


aecurate Tables of the Moon and Stars Places, and a Way ef 
taking an Altitude or an Angle at Sea unto two or three Mi- 


nutes ; it might be made uſefel to obſerve for Longitude, and 


therefore it's highly worthy of our Seamen's Study, but with- 


out ſuch Altitudes, it will not find the Longitude unto two ot 
three Degrees: And for Encouragement hereunto the Govern- 


ment hath by an Act of Parliament promiſed Twenty Thoufanc | 
Pounds, and for the Learner's Help herein, I am ready ſo 
communicate all the Aſſiſtance I can elſewhere ; for here's now 
no Place for it, left the Book (ſwelling too big) {hould be 


* 


deform'd. | 


& 


preſentation of the two Hemiſpheres before deſcribed in Chap- 


ter 6. Section 4. in pages 180 and 181. So that in thoſe larger, 


all theſe Problems might be more exaQly formed, and te" 


And note; Theſe two Figures in Plate the 8th, are 2 Re. 


a A I, py — 


r IV PTY OY IRR us — — 2 —. . 
0 * bh F pL <5 A 14 
{AF Y TY 1 
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Requitites more truly meaſured; and if the particular Circles 
delonging to any Problem, ſuch as the proper Meridian, other 
Merians, Hour Circles, Path of the Vertex, Circles of Lon- 
| vitude, and Vertical Circles, to a particular Time, Cc. were 4 
| ann with Black Lead, they might be wiped out at Pleaſure, 1 
| ind the Hemiſpheres no way dammified. 1 
bf And when any Circle happens fo large as not eafily to be drawn, 
or ſtruck with Compaſſes, it may be done with a Bow of the 
Lengih of the Diameter of the Heriſpheres ; ſuch being well made 
with z Screws, by their turning, will riſe up to ſeveral Circles, 
" WT chat may (in the wes: be be 88 to be draw. | 


p be 62 
* "4: F 
. I | 


. 2 Rn . * WF. 1 AS, 


Ss 3 
9323238 * 9 


i CHAP TER X. 07 the Pariation f the Conga, what # „ | 
| is, 19: to find it, and how to reftify the Compaſs thereby. 


. D* nition I. Variation of the Compaſs, | 18 an Arch of the Ho- 
rizon contained between the Meridian of the Place, and 

the Megnetic Meridian; it's either Eaſt, or Welt, and never | 
exceeds qo. Degrees 5 1 
2. Eajt Variation, is when the North Point of ae Magne- = 


9 v 
vs Of rw to ee arr raping ue tn 


tic Meridian lieth Eaſtward of the North Point of the Meridian 4 
| of the Place; but if to che Weſtward, then it is called Weſt __ 


= £ 


8 f 
: Variation. 4 'F 
4 3. Magnetic Meridian, is a great Circle "0 "HE thro, or by. - 4} 
q the Magnetic Poles z to which "Meridian the Compuly if not =_ 
2 otherwiſe hindered) hath reſpect. 1 
0 4 Magnetic Poles, are two moving 0 oppoſite Points, making 

h their Revolution about the Poles of the World (as Mr. Bond 


— 
9 


faith in his Longitude found, page 7.) in 600 Years in a Circle 


i. about Sd. zom. diſtant therefrom; and their Motion {as he 
lit faith) is the Cauſe of the Variation of the Compats. 
1 5. The Variation of the Compaſs 1 is found by an Amplitude, or or 


an Azimuth. 


b. To find the Variation of the Compoſe i Amplitute, . 1 


A x : 
\t jou muſt have the Latitude of the Place, the lination, and ad — 
10 Magnetic Amplitude of the Sun, given. „ 
W 7. Magnetic Amplitude, is an Arch of the Horizon, contained i! 


between the Sun (at his Riſing, or Setting) and the Eaſt or Weſt | 
points of the Compaſs ſteered by: Or, it's the apparent Riſing, : 
or Setting of the Sun from the Eaſt, or Weſt points of the 1910 3 
Conpags; and is found by obſerving the Sun, either at his Ri- 8 
ing, 0: Setting, by an Amplitude Compads, 1 

8. Anplifude 


8 e 
4 ————_ ra ets; Hes 
* ” _ N 8 


7 2 We p — — ** 
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would then be Eafterly. 


R 7 
AI 


254 Variation of the Compaſt by an Amplitude. Ch. X. 
8. Amplitude, is an Arch of the Horizon, contained between 
the Sun and the Faſt, or Weſt Points of the Horizon; and i; 


found by Chapter 9. Section 2. Problem 4. in pages 216 ar 


9. If the two foregoing Amplitudes agree, that is, the My: 
netic and True Amplitude (which is ſeldom) there is no Vati. 
tion; but if they differ, their Difference rightly counted is the 


Variation. 


Note here ; If you always count both Amplitudes from the 


North; then this is a General Rule. 


5 4 Wet 7 But at Sun Setting it's : bog 


Exonple 1. At Sup Riſing, ſuppoſe the True Amplitute be | 
Eaſt 33 Degrees Northerly, and the Magnetic Amplitude be 


Eaſt 17 Degrees Northerly ; then counting both theſe from the 


North, the True Amplitude will be North 57 Degrees Eafterly, 
and the Magnetic North 73 Degrees Eaſterly; the Magnetic is 
the greateſt, and the Difference is 16 Degrees, which is the V+ 
riation Weſterly : If this had been at Sunsſetting, the Variation 


| Example 2. AtSun-ſetting let the true Amplitude be Weſt 16 


Degrees Northerly, and the Magnetic Amplitude Weſt g Degree 
Southerly, both counted from the North, the True 8 wt 


is North 74 Degrees Weſterly, and the Magnetic is 90 Degrees 
from the North, and is the greateſt ; their Difference is 25 De- 


grees, which is the Variation Eaſterly. 


Or thus, in theſe two Rules. 


x. The Amplitudes both North, or both South ; their Dife- 


rence is the Variation: But one North, the other South, thei 


Sum is the Variation, mw 
2. Both the Amplitudes (before your Face) from you, If tit 


True Amplitude be to the Right-hand of the Magnetic, ile 


Variation is Eaſt ; but when it's to the Left-hand, then the 


© Theſe Rules will be exemplified in the Problem and Example 


Problem x. The Latitude of the Place, the Sun's Declination, 
and Magnetic Amplitude given; to. find the Variation of be 
Compaſs. e 1 
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ä 
| Latitude ga. 3am. North 4 3 
The 2 Sun's Declination The Variation is 
(5's Magnetic Amplitude i7 +) M.) Required ? 
To jel neate this Problem Orthographically. Plate g. Figure 1. 
1. Deſcribe a Circle and quarter it; on whoſe Diameters place 


W. N. E. and 8. (but always) N. at e Hand, and A at | 
the Center of the Circle. 


Ms © Lay the Lat. 13 m—_ tem N cos 2275 1 7 

and the fame way from W to E, and draw the Axis P AI, 
and the Equinoctial AQ. 
3. By laying the Chord of the Sun's Declinion on the pri- 
mitive Circle from the Equinoctial, draw the Parallel of Decli- 
| pation parallel. to it; as the ſtreight Line d Ce, to cut the Ho- 
ron SAN, in C, the place of the Sun's Rifing, or Setting. 
4. Meaſure AC on the Line of Sines, is the Sun's true Am- 
-litude North, if the Declination be North: but South when 


8 Declination i is South. 
5. Draw the Line CF, parallel to WAE downward when it's 
6. Lay the Magnetic Ampl.if C f. A. J from 5 00 N to 
G, on the Primitive Circle, towards N Ti it be North; but 
7. The Diſtance from G to N, laid (che fame way 
to Falſe North, (which now is the North Point of the 
For the Diftance from N to falſe North, meakinad on the 
Scale of Chords, is the Variation of the Co 
9. Section 2. Problem 4. in page 217. 
ASS. C. Latitude +» Radius:: 8. © Declinat. - 8. © Amplitude. | 
d. m 
dans true Ampl. EF 33.40 „ E. N. or NF pe 20 North Eaſterly, 


| AM, but upward If it be PM) to cut the Ly 2 5 in F. 
wards S when it is South, 
/ fon ＋ 
paſs,) 
and it's done. 
mpaſs 
To find the Sun's true Amplitude, the Proportion by Chap. 
AsS, 38d. 28m. S. od.: :S. n. 3 N. 
»m's Magnetic FG 1770 EN. or NG 72 50 North * 5 


Subtract gives the Waben — 16. 30 Weg. 
Example 2. 


Lotttudg —onniond 3 = of 
Thy 25 n, Dechnation 10.19 70 Nd * Pariat. Reg. 
(O Magnet. * 15.1 Seth AM. 


W AS. eee "my or wen | 
_ 


2 1 5 "a4. . FOR : — | * 
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6 N _ Fr * N * * * / * F e 8 N 19 * N . e \ . a N 8 * ; : 4 1 * 3 1 N * N . N \ 
: Eds We 5h 5 * 9 53 12 OHA 7 ; 5 
4 * „ 1 \ 9 


. TY Varlation 1 ihe Compoſe hy an eng Oh, x 
FRY Anſtwur. The Sun's true Amplitude is 1 3d. 42m. Eaft North. ch 
FE erly, found by the fore id Proportion, by which the Variation i 5 
| found, as follows; d. m. hn Sk 
* © True Amplitnde EF 13.42 EN. or NF 956 18 N. Faſterly 
| RE 2 Magnetic Amp. EG 15.10 ES. or NG 105 10 N. Ealtcrly | 


* © Subtract, gives the Variation. 23752 Welt. dif 
0 | GN he following, Examples are. for the Learner” 8 * and CO 
dre wrought by the foreſaid Directions and e 1 wr 
fl Example 3. | 2: Galle 5 ES wr | pa, 
15 | Latitude ——— 13 10 North x: 5 = 

| The Ie Declination 1 . 40 South ee, z Fer aria.r Fequir a? 

if © Magnit. Ampl. q 128. PM 3 

5 According to the foreſaid Rules, it' s as follows: : 


* | 1 % OUR 
1 O True Ample. WF 16 06 WS. or Nr 106 06 N. Weſterly | Wir 


O Magnetic — WG 9 12 WS. or NG 99 12 N. Weſterly at 
1 ant 2 the Varition— — — 6 54 Welt, an 
v The 955 8 D 1 9 50 — 5 outh given, Variat . me 
s © Magnet. Amplit. 5 1 PA M.“ D 
4 Aver. The Variation! is 27d. -m, Weſt. | be 
; Example F | | 


Sun's Declination 17 56 —— —_ North given ; 2 1 
© Magnet. Amplit. 10 19 South P. M. iar. nu 


Latitude — 0 21 3 
10 


Anſwer. The Variation is 29d 39m. Eaſt. Y | ? 
JJ „ Of ES 
|| Latitude 25 30 South > © g 
7 Joy s Declination” 18 12 North F giyen ; ; 1 Re. 
ij © Magnet. Amplit. 9 508. AM. 

ll Anſwer, The Variation is 30d. ob6m. Weſt. _ by 
© Secondly, To find the Variation of the Compaſs by an A Wi , 
18 muth, obſerve theſe following Definitions. 

| 1. Magnetic Azimuth, is an Arch of the Horizon contained 


between the Sun's Azimuth Circle, and the Magnetic Meridian; 

Or it's the apparent Diſtance of the Sun from the North, 0. 

South Point of the Compaſs ; and is found by obſerying the Sun 

by the Azimuth Compaſs, either in the Forenoon or Afternoon, 

when he is about 5, 10 or 15 Degrees high. 
2. mud, is an | Arch of the Horizon contained 2 
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„ Chap. X. Vola if 5 Ade by the uh” 2 47 

me Azimuth Circle paſſing over the Sun, and the Meridian of 

$ the Place, which I call the true Azimuth, and is found by Chapter 
J. segion 5- Problem 1. of Afronemy, in pages 229 and 230. 

If the faid AZimuths ägtee; that is, if the true Azimuth, 

ind Magnetic Azimuth agree, there is 110 Variation'; but if they 


differ, their Difference is the Variation 3 which, rightly to ac. 
{ count, obſerve this General Rule. 


Reckon always Both Azimuths (Fe as I Gig for Amplitude i in 


| page 254.) from the North. 
4 Trus 
P In the F orenoon the ny Magnetic ran] 7 greateſl, "he. | 
Variation is ; Fa we at But in the Afternoon it's Lg 


Example 1. In the Forenoon, ſuppoſe the Sun's true Azimuth | 


' from the North to be 80 Degrees, and the Magnetic Azimuth 
at the fame time to be 101 Degrees, the Magnetic i is the greateſt, 
and their Difference 21 Degrees is the Variation of the Compaſs 
Welterly but Eaſterly, Had it been in the Afternoon. 


Example 2. In the Afternoon let the Sun's true Azimuth be 


„ us Degrees. and the Magnetic Azimuth 101 Degrees, their 


Difference 14 Degrees is the Variation Weſterly 3 but Eiſterly, 


had i it been in the Forenoon. 
Or thus, by the wollowing Rules. 


WM Line ; but from the South in South Latitude. 


Variation, 


3. Placing both the Aainuathe (before your Face) from you, 
if che rue Azimuth be to the Right-hand of the Magnetic, the 


„ Vaation is Eaſt, But if to the Left-hand the Variation is Weſt. - 
Theſe Rules will appear pain: in working the pl or "_ 


next Problem. 


Problem 2. The I Lidia of the Place, the Sun's 3 Sun's 
Declination, and his Magnetic Azimuth given: 3.0 find the 
"Fabien of the Cothpaſs ? 

Example t. 4 m. 
Latitude 51 32 North- | 
— C Altitude — | 11 Jo A. M. given: Variation 
) Burks) Declination 15 fo North ( required? 

7 | C Magn. Azim,101 10 North hp 

6 1 "cate the Problem Sn, Wb Plate 9. Fig. 2. 
Iz 


1. Always count both Azimuths from the North, i N orth , 
%. The leſs Azimuth fubtra®t from the greater, gives me 
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2 58 — of the . "i an Kind. Ther x 


1. Deſcribe a Circle, Quarter it, lay off the Latitude, draw 
the Equinoctial, Axis, and Parallel cf Declination, in al le- 
ſpedts as before directed, (in Problem 1. page 255.) 

2. By laying the Chord of the Sun's Altitude on the Primj- 
tive Circle from the Horizon SAN, draw the Parallel of All- 


tude parallel to it, as is the Line aCb, to cut the Parallel of the | 


Sun's Declination dCe, inC; the Place of the Sun at that time, 


3. Draw Ch parallel to WAE, downward when it's A. M. 


but upwards if it be P. M. till it meet an Arch (made with. half 


the Parallel of Altitude) from the Center (of the Primitive 4 


Circle) A, and cutteth the ſaid Arch in h. 


4. By A and h draw a Line, to cut the rhei Circle. n 


F; then NF, or SF, meaſured on the Scale of Chords ſbeweth 
the Sun's true Azimuth. Wo 


5. Lay the Magnetic Ainet (if {ny ( Latitude) 


from J Pune W. Wen ME) to G on 


the Primitive Circle. But 1 A M. dove F. E Fo the ſaid C. 
6. The Diſtance from G to N, laid. (the fame Way) from 


F to Falſe North, which is now the North Tome of the Com 


paſs, and it's done. | 

For the Diſtance from N to F alle N orth, ' meaſured on the 
Scale of Chords, is the Variation of the Compaſs required. 
Then to find the Sun's true Azimuth, the Proportion by 
Chapter 9. Seclion 3. Problem I. in Pages 2295 and 8 is thus. 


A. m. wes ©: m. wo d. m. 
9 "90 | ach 


The 2 544 OV. „ 1 
The Remainder is 21.0414th Sine Fo Z Sum :: S. Ram. a cthSi 
. d. m. 8.731. 8.21.04. 8.35.55 


And againſt Sine 35.55 on the Us 8805 is the 


Sun's True Azimuth —— 80d. ozm. North Lagen 
Sun's Magnetic Azimuth ————rord, rom. North Eaftet!y- 


SubtraQt giveth the Wannen, 21d. dom. Weſt And 


am WW, ann ro. «- 


qe FA Fry 


* 


Chap. X. Paiation of 1 Compaſs by an Azimuth, 259 


And for the Learner's Practice, take cheſe following. Exams 
ples, yhoſe Anſwers are found by the Rules foregoing. 
Example 2. | d. m. 
Latitude —— 13 10 North) | 
my; 6 08 — 17 50 A. M. given: Vals- 
Sun's 


Declination 16 59 South tion required ? 
2  CManetic Azim. 90 10 North # . 
l 8 de m. . 3 
If nd, — iy 90.00 
'0 Latitud x 13. 10 N. D 3 Altit. I7+: 8 M. ODect. 4 pet 


| Comp. Latitude 76.50|Comp, Alt. 72-10) d? ft frompulero6. 5g 
u g. Sam's Ar 72.10]Rad, .. 8.c,Lat.::S.c.'s Al. a 4th Sine 


3 — — 
[ 


th Gee, 8 A.. im, . 
Sum is 2.55+5AS. god. . 8. 76. 50: 8. 72. 10 8.67. 58 
The half rn 127.50 Then again 


8.67. 48 8.12.5 8.21. 00. 8.1745 
And againſt Sine 17d. 45m. on the Vatds Sines, is the 


Sun's True Ann 11 ad. oo m. North Eaſter x 
Sun's Magnetic Azimuth god. 10 m. North Label „ A] 


| 
The Remainder is 21.0014th Sing +. S. 3 Sum :: S. Rem. . 45th Sine „ | 
| 


Subtract giveth the Variation—72T.: 50m. 8 „ 
Example 3. | d. m. | 
Latitude —— 28.40 Noth f 
The Altitude. 20. 19 P. M. 65 en. Mats 
Sun? 3 Declination 19.12 Soutk ( tion required ? 
Magnet. Az. 229 50 POO 
Anſwer, By the forefaid ions, the | 
Sun's True Azimuth — —————$276:02M. N. Wefterly. 
Sun's Manetic Azimuth 1294. Som. N. Weſterly. 
Subtract giveth the Variation 20. 45m. Eaſt, N 
Example 4. „„ 
( Latitude 50 40 South 155 
The Altitude 25 10 P. M. , on: Variation 
Sun's 3 Declination 23 30 South © required? 
Mag. Azim. 100 20 South ene 
Aiſber. The Variation is 17d. 20m. Weſt, | 
Example 5.˙ 1 d. m. e e Ne A 
Ladis e 23 10 South ) _ © 
The Altitude ——— 10 15 A.M. C given : Varia- ] 
Sun' eee —— 23 30 North tion required : | 
Magnetic Azim, 102. 40 South 


„ „fe Variation is 18d.32m. Wet 
YT Ex- 


— 


able . to 57d. (from t 


260 Variation of the Compaſs by the . Chap. X. 


- Example. 6. e 
Ladtude 37.45 South 
The dene 8.20 P. M. 
„Sun“ s Declination 20.15 North 
e Azim. 11 5. 40 South 
2 The ariation is 20d. 12m. Eaſt. 


given: "Variation 
required ? 


But the Variation may be found moſt readily by an \ Tnftrumen 
called 1 Rectißer, whole Deſcription is as follows: 


The ReQtiher deſcribed. Plate 10. 
This Inſtrument conſiſteth of two Parts, which are two Cir- 
cles laid one upon another, and fo faſtned together in their 


Centers, that they repreſent two Compaſſes, one fixed, the 
_ other moveable ; each of them is divided into the 32 Points of 


the Compaſs, and 360 Degrees, and numbred both Ways, from 
the North, and from the South; ending at the Eaſt, and Weit, 
in 90 Degrees. 

he Fixed Compaſs, repreſents the Horton, in which the 
North, and all the Points of the R are fixed, and immo- 
veable. 
The moveable one, repreſen ts the Mariner Com pals ſteered 


by, in which the N orth, and all other Points are liable to Vas 


riation. 
In the Center of the moreble Compaſs, is "Bled 2 Silk 


Thread, long enough to reach the out ſide of the fixed Compats; 


But wha it's made of Wood, there is an Index 5 en thereof: 


| The Uſe is as follows. 


1. To find the Variation by the Redtifier, 
Note; ; Thoſe Degrees numbred from the North, and the 


South towards the Eaſt, are termed the Right-hand ; and the | 
others towards the Weſt, are called the Let i-band. _ 


Example 1. At $un-rifing, . ſuppoſe the true Aale 570. 
from the North, and the Magnetic 73d. from the North, Wii 


is the Variation of the Compaſs, and which way? 


Place 73d, (from the North en the Right-hand in the move- 

North) on the Right-hand in 

the Immoveable Compaſs ; then the Nom, Point of the Move- 

able Compaſs, will Rand at 16d. on the Left-hand in the In- 

moveable Compaſs, which ſheweth the Variation of the Con 
paſs is 16 Degrees Weſt. _ 

Example 2. In the Afternoon, let the true Aan be $0 


| Degrees from the North, and the Magnetic 101 deg. What is 


the Variation of the Compass, and which way! 
Place 101d. from the North ; that is, 79d. from che * 


ves 0 


8 — 


A. 
1 — 


on the Left-hand in the moveable Compaſs, to 80 deg. from the 
North, or Left-hand in the immoveable Compaſs; then the 


North Point of the moveable Compaſs ſtands at 21 deg. on de 


Rivht-hand in the immoveable Compaſs, which ſhews the Vari- 


ation of the Compals to be 21 Degrees Eaſt. 


Always counting Amplitude at Sun riling, and Azimiach in 
the Forenoon, to the Right-hand, or towards the Eaft ; but at 
Sun-ſetting, and in the Afternoon, count them to the Left-hand, : 
towards the Weſt, 

2. To reiß the Courſe by the Rectifier. 
This Propofition hath two Caſes. 


Caſe 1. The Variation of the Compaſs, and the Courſe ſteered, - 


being given; to find the true Courſe. 
Example 1. Suppoſe the Variation be 21 Degrees Eaft, and 


e Courſe ſteered by the Compaſs is N. E. by N. I demand the 


true Courſe, the Variation being allowed? 


„ Place the N. Point of the moveable . to 21d. from 


the North on the Right: hand, in the immovea 


le Compais. 
2, Lay the Thread or Index (which is faſtned in the Center) 


over the N. E. by N. Pointin the moveable Compaſs, keeping 


it freight out; then in the immoveable Compaſs the Thread 


or Index will lie on 56 P or near N. E. by E. which is 


the true Courſe i 
Example 2. The Variation 14 deg. ' Wet, and the Courſe 


ſteer'd by the Compaſs, ESE. 1 2 the Ship $ true Courſe ? 


1. Place the North in the nn, Compals, wn 14 Deg. 
Weſt, in the immoveable. 

2. Stretch out the Thread, or Index, o over E. S. E. in the 
Movable, and it will lie on 82 Degrees in the amm 
Compaſß, or E. by 8 4 E. the true Courſe required. _ 

Caſe 2. The he tes Kh of the Compaſ5 and the true Cour je git en! - 
925 to find the Courſe by 525 Compaſs. 
Example, The Variation 21 deg. Eaſt, an the true Courſe I 


ſnould ſteer is NE. by E. What Courſe muſt ] ſteer by the Com- 
babs, to allow the Variation? 


1. Place the North, in the Moveable Compaſs to 21 Degrees 15 


Faſt in the Immoreble Compaſs. 


2, Stretch out the Thread over NE. by E. in the immov . 
Compaſs, and then in the moveable pans, it will lie on 23 


allow for the Variation of the Compaſs, | 


Here I thoughts 0 deſeribe the Azimuth Conpals, and how 


to obſerve by it z. but conſidering it's an Inſtrument eaſily un- 
cerſtood, Ui Diſcourſe 1 ſpared, 


Chap. X. Veriation ho the et; by the Neale, 261 


c Ax. 


* rs wet Anand. amt * ** . 


Croſs-ſtaff. 


Cale 1. Where, or when the Ojet? o Ae, 


1 0 work an » Objervatio, . "tu. Wt 


CHAPTER XT. Of an Oe eitber of 
Fun, or Star, what it is, how, or with what, and 


when *tis taken, and finding the Latitude thereby. 


1. A N Obſervation, is the finding either the Sun's or Star's 
Meridian Altitude (at Sea) with a Quadrant, or with a 


2. Meridian Attitude, is the Height above the Horizon of 


Sun, or Star, they being upon the Meridian of the Flace of 


Obſeryation; and that, the Sum is, every Day at Noon, but the 


Stars at different Times, according to the Difference of their ſe- 
veral Right Aſcenfions from the Sun's Right Aſcenſion. 


3. A Quadrant is the Inſtrument W only: the Sun's Al- 
titude (at Sea) is found. 
4. A Croisftaff or F ore- ſtaff, is an Inſtrument whereby 


Mariners find either the Sun's, or Star's Altitude. The parti- 


cular Deſcription of theſe Inſtruments I here omit, having done 
it largely in the Mariner's Compaſs Rackiſied; to which Book I 
refer the Learner, and will now ſhew how to find the Latitude 


after you have obſerved, which is called, working. an Obſerva- 


tion, and that in this one Propoſition. 
Pro poſition. The Meridian Altitude of any Heaven) Object. 


nd it's Declination given ; to find the Linas dec the Place of 
Obſervation.” 


Its this 3 een Col 


4 both Rije and 
| Set in 24 Hours. The Rules are theſe, 
Rule 1. The Meridia Altitude, and Declination of one 
und: that is, both North, or both South ; the Difference of the 
Zenith Diſtance, and the Declivation, is the Latitude required. 
Note, When the Declination is _ than the Zenith 
Dittance, the Latitude is of the ſame but if leſs, chen 


of a contrary Name to the N 


Rule 2. The Meridian Altitude, and "SAW, of contraty 


Names; that is, one North, and the other South, the SUM of 


the Zenith Diſtance, and the Declination, is the Latiuds requi | 


ned, of the ſame Name with the Declination. 


Nats 1. By Meridian, Altitude South, 1 mean the Object ob 
ſerved is to the Southwatd of the Obſerver 3 and when North, 


then to the Northward of the Obſerver, . 


Note 2. By Zenith Diſtance. underſtand the Complement of 
the Meridian Altitude of the Object obſerved. 
* 1. On the 20th. of LOW: 2700 the Sun's NN 
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Chap. XL: 7; 0 Wo an eme 262 


Altitude 61d. o8m. South ; and his Declination 22d. oom. 
North, What is the Latitude of the Place of Obſervation ? 


d. M. 
The Sun's Zenith Diſtanceo——_—— 52 South 
Sin's DeclinatioN eons —— 22 00 North 


The Sum (by Rule 2.) is the Latit. « of the Place : 50 52 North 

Example 2. On the ift of * 1740, the Sun's Zenith's Di- 

ſtance being 11d. 5om. North, his Declination 21d. 58m. 
North. What is the Latitude of: the Place of 1 ? 

m. 3 

p the Sun' 8 -Dectination — —— oF" 58 North | 

Subtract the Sun's Zenith Diſtance ———— 11 50 North 


The Rem. (by Rule 1.) is the Lat. of the Place 10 08 North 

Example 3. On the zd of June 1740, the Sun's Zenith Di- 
Fame being 20d. I zm. South, and his Declination then 2 3d. 
Im. North. What is the Lat. of the Place of er oe 

To the Sun's Zenith Mice — 29 15 South 

Add his Declination — — — 23 19 North 

The Sum (by Rule 2.) is the Lat. of the Place 52 34 North 

Example 4. On the 22d of Marth 1740, the Star Fomel- 
baut being obſerved, and his Zenith Diſtance 20d. 17m. North, 


this Star's Declination (in page 178) is 31d. 03m. South. What 
is the Latitude of the Place of Obſervation ? 05 


. wy Wh 
To the Star's Zenith Dns — 20 17 North 
Add the Star's Declination — 3: 03th 
de Sum is the Latitude required 51 20 South 
Example 5. The goth of March, 1740, the Foot bf the 

Criſiers (by ſome called the Coct's Fear) a Star much uſed in 

Southern Voyages, being obſerved, his Meridian Altitude was 

48d. obm, South; this Star's Declination (in page 178) is 61d, 

zim. South. What 15 the Latitude of che Place of Ob x ervation ? 
From is Crofers Declination a= — 51 31 South 

Sub:ra%t the Zenith Diſtance —— => 54 South 
The Remainder is the Latitude required- 37 South 

Cake 2, Where, or when the Objett 2 475 "Gaither Riſe, 


Jet in 24 Hours; that is, doth not in the Diurasl Mo- 
a move belnu or under the Horizon, 
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| 250 7 work an Obſervation. Chap. Xt, 


Note 1. In ſome parts of this Earthly World, both the Sun 


| and Stars do not riſe or ſet, but are one the Horizon, and 


upon the Meridian of the ſame place twice in the Space of 24 
Hours ; and this laſteth but for ſome part of the Year with the 
Sun, but always with ſome Stars. 7 

Note 2. When the Sun, or Star, doth neither Riſe or Set, it 
cometh upon the Meridian below or under the Pole; and then 
it's at the leaſt Meridian Altitude. | 

Note 3. Some Stars in ſome Places come upon the Meridi ian 


both below, and alſo above the Pole; that is between the 


Zenith and the Pole, and then it's at the greateſt Meridian Al. 


titude. 


Note 4. Where a Star cometh upon the Meridian both below, 
and alſo above the Pole, it's always to the Northward, both in 
its leaſt and greateſt Meridian Altitude, or elſe "om to the 
Southwark. 

2 Again, there are ſome Stars come upon the Meridian, 
to the Northward, and below the Pole ; and to the Southward 


between the Zenith and the EquinoQtial ; and alſo to the South 


ward, and below the Pole ; and to the Northward between the 
Zenith and the Equincctial. | 
Note 6. Where the Sun cometh to the Meridian 0 


> Wee both above and below the Pole, the Latitude of that 


= ce is of the fame Name with the Sun, or Star's Declination ; 
hat is, if the Sun or Star's Declination be North, the Lati- 
— of the Place i is North; but nn when che Declination is 
uth. 
Note 95. For thoſe Stars which never come (the Son never 
doth come) to the Meridian above the Pole, at their greateſt 
Fee" Altitude, the Wee two Rules a * to find the 


Then 10 ful the Latitude by the Fur under ther Pol, er gun | : 


both under and above the Fels. The Rules are theſe. 
Rule 3 The Object blurred, being on the Meridian below 


_ the Pole, the Sum of the Meridian Altitude, and Complement 
of the Declination, is the Latitude required, of the fame Name 


with the Declination, 
Rule 4. The Object obſerved, being on the Meridian abore 

the Pole! the Differepce of the Meridian Altitude, and the owl 
lement of the Declination is the Latitude required, of the 


Name with the Declination, | "i 


Chap. x. T0 work an Obſervation. 26g 
Example 1. Auguft 1ſt, 1740, the Sun's Meridian Altitude 
below the Pole, or under the Pole, was found to be 5d, oom. 


and his Declination 14d. 54m. North ; "vr" is the Latitude of 
the Place of Obſervation ? 


To the Complement of the Sun's Delt, 5 06 North 
Add his Meridian Altitude below the Pole — 5 30 
The Sum (by Rule 3.) is the Latitude 80 36 North 


Example 2. On December the 18th, 1740, the Bu; Eye. 
A414eh:ran came upon the Meridian 1 the Pole, and his 
Meridian Altitude 15 obſerved to be 9d, tom, this Star's De- 
clination (in Page 178) is 14 56m, North; What is the La- 
titnde of the Place of blervation £ Le 


1 
To the Complement of Bull's Eye Declination 74 - 4 North 
Add his Meridian Altitude under the Pole 59 10 


The Sum (by Rule 3.) is the Latitude 14 North 
Example 3. On June the 11th, 1740, the F oot je the e 
Was hore under the Pole, its Meridian Altitude 21d. 25m. 
| the Declination of this Star (in Page 178) is 61d. $30 South : 5 
demand the Latitude af the Place of Obſervation? , 


d. m. e 
To the Complement of the.Star's Declination 28 29 South 
Add his Meridian Altitude ——— ——-—— 21 25 | 


The Sum (by Rule 3.) is the Latitude. 49 56 South 
Exumpie 4. The Iyth of February, 1740, the Northern 
Pointer of the Great Bear came to the Meridian above the 
Pole, and his Meridian Altitude was 56d. Iom. this Star's 


Declination is 63d. 14m. North: What is the Latitude of the 
Place of the Oblerver ? Bos 


From the Star's Meridian Altit. above the Pole $0 x0 + +; 
Subtract the Complement of his Declination — v7" 46 North 
Remamder 17 Rule + ) is the Latitude  —— - 29. 24 North 
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CHAPTERS XII. 4 \Seo-Rechoni 5 or ER n 
it 15, and the manner how it"s kept, Directions to correct 


it, tb an Trad; and the Explanation thereof. 


Ti: 1 . keeping a good. Reckoning or Journal, is not oy 
MAariner's Reputation, but * * the Preſerva- 


uon 


Wr, Vet SER oC 
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tion of a Ship, and all in it; the Ignorance thereof has been, (i 


not the Only, I may ſay) the chief Cauſe of loſing divers rich 
Ships, and many dear Lives, and thence the inpovering of 
ſeveral Families. 

Then certainly, it ſhould be their great Concern, to be ex- 
pert herein, who take on them the Navigating $hips to remote 


Places, when ſo great a Truſt as Mens Lives and Eſtates are 


repoſed in them, that fo, by a Knowledge of, and a conſtant 


_ careful Practice in keeping an exact Journal, they may not only 
bear the Name of Navigators, but thereby prove themſelves * 
ſeryedly worthy of the Title of Compleat Artiſts. 


And for a compleat keeping a Journal, I prefer this Mcthod 
hereafter following; which tho? it be new, and uſed by few, 
yet I doubt not, when better known, it will be more uſed : 


Now. that you might rightly underſtand what it is, and how to 


keep an Account of the Ships Way by this new Donn, I will 


thus explain it. 
1. Know that a Journal, or $ea-Reckoning, is 2 punCtual 
writing down every Day (in a Book fit tor that Purpoſe) the 


Courſe, Diſtance, Difference of Latitude, and Departure ti» 


Ship hath made, what Latitude and Longitude ſhe is in; and 


alſo the Wind, Weather, with all Accidents and Qccurrene 
that happen. 


To perform which after the beſt Manner, 40 theſe regen 
tive Thing. 

Firſt, Provide a Folio E of 2, 3, or. yy Quire of latg 
Papar, and let it be rul'd like the Log-Beard, (in Page 65) 1 ai 
5 Columns, taking up about daf the Breadth of cn Page. 


| E foe Columns may be. hoot ar. nated at the Head of each 
Column 10 Letters, . 
| (Hours, under it are the Hours of the Day. 


KR 2a <4. Oats, 
F ue b 3 I run out that Day. 

C Courſes, which have been ſteered that Der 
vw " Hinds, which have blown that Day, & 


* Rule 12 Lines croſs the forefaid 5 Colurans, al und 
fo far aſunder, that on Occaſion you may write two Lines © 
writing in the Spaces between thoſe Lines; then will the ame 
Ruling ſerve for an Eaſt- India Voyage," in Which the Las i 
heaved out every Hour, and alſo 1 for ober Ty Where it's 
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Hardy, In the firſt Column (marked at the upper end with | 
H) write down the Hours of the Day; that is for Cmmn ] 
Vovages, 25 4s 6, 8, IO, 12, and 2, 4 6, 8, IO, and 12: But ; 
for an Eaſl-India Voyage, 1, 2, 3» Cc. to 12 at Midnight; then 
1, 2, 3, Sc. to 12 at Noon. And thus far is the Book fitted, 
and prepared to copy off the Log-Board, Ry 5 
Taurihly, Under theſe five Columns let there be ruled twelve 
hort Columns, which may take up the whole Breadth of each 
Pave of the Book. Theſe may be intitled as in the Journal fol- 
lowing this Diſcourſe, m Pages 274 and 275) and need not 
any farther Explanation. . 1 1 
Now ſuch a Book fo ruled as here expreſs' d, each Page there- 
of will contain two Days Sailing, with all appertaining there- 
| unto,. as ſhall afterwards appt | 
| Firſt, Having a Journa 


or ley 
Book thus prepared, and now on 
| your ceparting, the firſt thing is to enter the Title of the Jour- 
nal, which may be done thus: In the Top or Head of the firit 
Page of the Journal-Book, write the Title thereof in Words after 
the Form immediately before the Journal, in Page 27) 3. 
And now the Book is compleatly fitted for the Ule intended, 
anc that is keeping a Sea Reckoning, after this manner. 
2. Next under, or after the Title, (write in the blank Space 
between the 5th Column for the Wind, and the Side of the 
Book) the Year, Month, Day and Hour, you part with Sight of 
the Land, and alſo the Circumſtances and Actions attending the 
ſame, 5c. as here you may ſee in the two firſt Sides of the Jour- 
nal : which by reaſon of the Smallneſs of this Book reacheth page 
274 and 275, Which are to be eſteemed but as one Page, or 
[Sie of the Journal. — Pig e 
3. Every Day at Noon, write in the five Columns the fame. | 3 
you find written on the Log Board, which contain the Ship's ; 
Courſes ſteered, Diſtances run by the Log, what Winds have 
own, what Sails handed; and Wen 
| 4. in the vacant Space of the Right-hand of theſe five Co- 
ms ( hich takes up more than half the Breadth of the Book) 
reis de Traniattions of that Day, as Winds, Weather, Cur- = 
HW", Seng of the Sea, handing of Sails, meeting or parting / 
ith Ship;, Death of Jen, Variation of the Compaſi, and all | 
Dther Acci7ents and Occurrences whatſoever, ot - 
5- then correct the ſeveral Courſes, by allowing for Lee- ft 
Wardiooy, Cirrents, and Variation, according to the Nature of 
b them; 


0 
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them; and bring them into one Courſe (by Chapter 3. See. 
tion 4. of Plain Sailing, in Page 64.) by which you will find 
the Ship's Diſtance, Difference of Latitude, and Departure 
from the Meridian, which being fet down in the Columms ber. 
ing thoſe Titles, then (by Chapter 3. Section 3. Genera! Ru- 
3- in Page 58.) find the Latitude the Ship is in, and ſet that in its 
proper Column: And (by Chapter 4. Section 3. Problem 3, 
of Mercalor's Sailing, in pages 96 and g7,. and by Section . 
of the ſame Chapter in page 91.) find the Lopgitude the Ship 
is in, and place that in the 12th and laſt Column; and thus you 
fin ſh the Days Work. of LO je 
For Lemvard, or Leeway, the Allowances are ſuch as in 
theſe eight following Cafes © I ee BY 
Fit, The Ship being upon a Wind, allow one Point fr WM } 
Leeway. Ro ho 3 "M4 5.9% nk by 0 
Secondly, The Wind blowing hard to cauſe one Top-fail to 
be taken in; allow two Points for Leeway. . 5 = » 
Thirdly, When it blows ſo hard, that both Top-ſails are takes IM. - 
in, and the Sea runs high; allow then three Points for Leeway. 
Fourtbh, The Fore-ſail being furl'd, and the Ship Trys under 
 Main-fail, and a Miflon ; allow four Points for Leeway, tor 
ſhe then makes her Way about four Points before the Beam (as 
ne, 52 „ 
Fifthly, When the Ship Trys under a Main- ſail only, fb 
then makes her Way near three Points before the Beam, that b, 
near Five Points for Leeway. 5 
Sixthly, If the Ship Trys under a Miſſon only, her Way! 
about two Points before the Beam; that is, allow fix Points 
for Leetbay. . R 
Sevenibiy, When ſhe Lies a Hull; that is, with all her Sail 
furl'd, her Way is one Point before the Beam, and then ſeven } 
Points is her Leeway. e Roger e,, Are | 
EEigbibh, If the Wind hath blown hard at W. S. W. and mace 
the Searun high, the Ship ſtemming South, and the Wind ſhift 
ing to E. S. E. then whilſt the Sea continues to run high, 1 . b 
ſtrikes the Ship on the Lee Bow, and abates the Leman. = 
Note; In all thoſe eight Caſes, reſpect muſt be had to the tt 
Smoothneſs of the Water, or the Sea's running high, and tbel BW & 
the Allowances may be reQtificd with the gteater Certainty, by 
ſetting the Ship's Wake by the Quarter of the Compass, placed 1 
on each Rail of the Ship's Quarter, which is uſually {cr there 2 
wor that Purpoſe. NE as « | 
Theſe Directions, with a Conſideration of the Ship's * # 
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dai! aboard, Streß of Wind, and growth of the Sea, being put 
into Practice, will ſo improve the Yeung Navigator's Judgment, 
that he'll ſeldom fail of making good Allowance for the Ship's 
Leeway. 4 33 | mY 
> After this manner you are to proceed every Day from Neon 


to Men, which is the Beginning and Ending ef the Day Aſtro- 
| nomic, the Day by which the Mariners keep their, Sea-Reckon- 


ing. 


7 Remembring always to obſerve for the Latitude, when 


Opportunity preſents, either by Sun or Stars; that being the 
chief ching to be depended on, and by which the Reckoning is 

| confirmed or rectified, which is the next thing to be treated of. 
8. When the Latitude by Account agrees with the Latitude 


by Obſervation, then is the Reckoning confirmed, and you are 
lure it's kept well, 


7 


9. But it they 


whether there be a Current, or no. 


« 


10. If there be a Current, try it, and find which way it ſets, 
and how faſt 5 and by that correct both Courſe and Diſtance ;z 
and if chat makes the Reckoning Latitude to agree with the Ober- 


ved Latitude, you have then truly corrected the Reckoning. _ 
But if you, only by ſome probable Reaſon, conjecture there 
is 2 Current, then give what Allo,yance you think meet to the 


| Difference of Latitude and Departure, and ſee if that will re- 
form your Reckoning Latitude, that it agree with the obſerved 
| Latitude ; if ſo you have gueſſed well (for you muſt ever keep 


to the Latitude by Obſervation, that being the principal thing to 
be relle upon) but if it will not agree with the Ob/erved Lati- 
tude, ids to be ſuppoſed that there are Miſtakes in your Conjefture, 
or {ome other Cauſe of this Error in the Reckoning. | 


11. When there's no Current, nor any Variation, or if there 


| de either, or both, and they are allowed for according to Art 


and Reaſon, and yet will not agree with the Obſerved Latitude; 


ten (2072 is an Error either in Steerage, or in the Log, and ta 
| ATOW i' which it is, take this 8 18 


General R LL A 


Differ. of Latitud | 5 e 
* — r the greater, the Error is in the mw re. 


_ 12, When there is an Error in the Courſe ſteered, you muſt 
(after the Allowance in the 10th and 11th Rules have been 


diſagree, then either the Ship hath out- run 
| your Reckoning, or your Reckoning hath out-run the Ship; 
and there is ſome Error, either in the Courſe, Diſtance failed, 
or bock of chem; Now to find where the Error hes, conſider 


, 
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made) then only correct the Difference of Latitude, and 5 
make the Latitude by Account to agree with the Latitude h) 
Obſervation, and the Work is done, 5 £ 

13. But when the Error lieth in the Log. the Diſtance i; 
faulty, and this is that which moſt uſually makes the Difference 
between the Obſerved Latitude, and the Latitude by the A. 


count. And herein are two Caſes : 


Caſe 1. In North Latitude, ſailing towards the North ; and in 
South Latitude, failing towards the South, _ 
If the Obſerved Latitude, be the greater, than hath the Ship 

out- run the Reckoning; but if it be the leſs, the Reckoning 

hath out- run the Ship. eee e e 

Cale 2. In North Latitude, ſailing towards the South ; and in 
Sasouth Latitude, ſailing towards the North. 

If the obſerved Latitude be greater, then hath the Reckoning 

_ out-run the Ship; but if it be the leſs, the Ship hath out-run the 

Reckoning. 3 „ 

lib 14. When the Ship hath out-run the Reckoning, then | 

Wo the Reckoning, too little, and the Difference between the ob- 

* ſerved Latitude and Reckoning Latitude, muſt be added to the | 
* or South Column in the Reckoning; and ſo doing it's c- 
end. NNE „„ 

ts. But when the Reckoning hath out-run the Ship, then | 
the Reckoning too great, and the Difference between the Ob- 
 terved Latitude and Reckoning Latitude, muſt be ſubtracted from 
the North, or South Columns in the Reckoning; and fo doing 
„% d nid is a: 
16. To correct the Departure (the Eaſt, or Weſt Colum 
in the Reckoning) when the Error is in the Diſtance, do thus; 
Add up the N. S. E. and Weſt Columns from the beginning, 
if it be the firſt Error; otherwiſe from the laſt. Exror, or fro 
the laſt Obſervation to the Day of the preſent Error; in ord 
to find the Difference of Latitude and Departure; as was ſnewel 
in adding up the Columns in a Traverſe,  _ _, 

And then the Proportion to find the Error, or Correction 

the Departure, an; 
As the Difference of Latitude, is to the Departure; 
$0 is the Correction in Latitude, to the Correction in Dep 
Note; Correction in Latitude is the Difference bet cen 15 
Obſerved Latitude, and Reckoning Latitude. g. 
The Correction in Departure muſt be added to, of fable 
ed from the Eaſt or Weſt Column in the Reckoning ng 


9 2 nee eee d 66 is 1 4 74 aaron 
een * RA a * 


ing to the 14th or 15th Rule aforeſaid; and ſo the Departure 

will be corrected, A A e 6+ 

17. To correct the Longitude do thus 3 Find {by the Table 

| of Meridional Parts) the Meridional Difference of Latitude, be- 
| tween the obſerved Latitude, and the Reckoning Latitude, and 
| then the Proportion is this: e ok ho ee eee, OY 


* 


Tt 


As the Correction in Lati 
ture; n 


W So is the Meridional Difference of Latirude, to the Correction 


no 
«dv 
* 


in Lengitude. Ramey boy a: 3 
) Then according to the new Way of 8 of Lon- 
3 deitude in the Mariner's Compaſs Rectiſied, 


64 +21 
of 


and its Correction be both Eaſt, or both Weſt, add but one 
Ext, 2nd the other Welt, ſubtract, and the Longitude is Cor- | 


n" WW cccicd. | 


And having gone over the Ruler, and Directiums about keep- 


nus, and correcting a Sea-Reckoning, or Fournal ; I will alſo 
e dire an Example of a Journal, of an intended Yoxoge from 


the Lizard towards Barbadees, that the toregoing Rules may 


ls de the better M e ; ðͤ g 
„ And :ltho” this following Jeurnal be but an Example of ſeven 
ic WW Days being ſo deſigned that this Book might not ſwell too big) 
yet it may be of ſufficierit Intelligence to a diligent Reader, ſor 


2 $e-Frurnal ; eſpecially if the following Explanation be deli- 
berately compared with the preceeding Directions; and thereby 


its Price, but not anſwerably the underſtanding thereof. 


£1908 well be done till the Errors in the Leg-Line and Half. 
| Un: Claſs, are reQtified; 1 think it necellary here to fay 
| omething OL NT TE TE ION MT 6 

| The Manner of keeping a Reckoning or Ses- Journal (by our 


Reckoning kept by them cannot be tine: 


, to meaſure 7 Fathom, or 42 Feet, between Knot and 
| Knot on lie Log=Line, Which is grounded on this Conjecture, 
wat © Feet make a Pace, 1000 (fuch) Paces a Mile, and 60 

(ch Mes) make a Degree ; that is, a Degree contains 300000 
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tude, is to the Curreg ian in Drhur- 


the Longitude, 


the rizht underſtanding this Method of Keeping, and Corretting 


8 informiug, as if the whole Series of the Yoyage had been 
inſerted, which would have both augmented the Bock and 


Having treated about X. eeping and Correcing a Fournal, which 


W £1: Novigators) is by the Log-Line, and Hafi r,; 
_ ©; cught not Care to be taken that they be true, elſe a 


But i! hath been an ancient Cuſtom, and is ſtil too much 


Feet, 


* 
" 
re vanes 
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Feet, and a Mile (or Minute) 5000 Feet ; and becauſe an Half 


Minute of Time is the 120th part of an Hour, and the 129th 
part of (a Mile) sooo Feet, is almoſt 42 Feet, the Meafus 
commonly put between each Knot on the Log-line, _ 

But this Erroneous Computation hath been ſulſiciently con. 


tradicted by Mr. Oughtred, Mr. Norwood, and others: 


Mr. Oughtred, in his Circles of Proportion, in page 1 52, doth 
allow 664 Statute Miles to a Degree on the Earth, wa Mile 
being 5280 Feet, ſo that in a Degree there are 349; 800 Feet, 
And Mr, Richard Norwood in his Stamen's Prague, page 43. 
doth prove a Degree on the Earth, to contain 367200 BAN 
Feet: but at length conſents to allow 360000 Feet to a Degree, 
and ſo 5000 Feet the both part, to be one Minute, commonly 
called a Mile; ſo that 6000 Feet ſhall be the Number from 
whence the Knots on the Log-line ought to be deduced. 


Therefore. if 6000 (the Feet in a Mile or Minute) be divide! | 


by 120 (the Half Minutes in one Hour) the Quotient is 50 Feet; 
for the Diſtance of each Knot, on the Log-line, and 25 Feet 1s 


half a Knot, oy 


Now 5 being the one Tenth of 50, let each Fathom on the 


Log-line contain 5 Feet; and then 5 of theſe Fathoms make an | 


Half Enot, and 10 of them one Knot. . 


And according to theſe Meaſures, let cvery Man that woull 


keep a ttue Reckoning, and give a good Account of his Voyage, 
xe perſuaded, to mark his Log-line, and not let Cuſtom prevail 


above Reajon. 


Then it follows, That if a Ship runneth out one of be 
Knots in half a Minute, ſhe runheth one Mile or Minute, (the 


both part of a Degree) in an Hour; if 2 Knots, then 2 Mile; 
if 3 Knots and 4 Fathoms, then Miles 3.4 ; that is, 3 Miles 


and 4 Tenths of a Mile in an Hour, and fo for any other. And 
by ſuch a Log-line is the following Reckoning kept. 
The like Regard mult be had, that the Half Minute Glab be 
of a juſt Length, otherwiſe no true Account of the Ship's Way 
can be kept: Now for that, take an approved Experiment, Mei 
tioned by Mr. Philips, in his Advancement of Navigation, tie 
Second Part, Page 9, as follows. | 


An eaſy and exact way to meaſure an Half. Minute Glas. 


Let a Plummet of any Form or Weight, be. faſtned to one ens 
of a Thread, or Silk-ftring, that is 38x Inches long, and at the 


other end is a Loop or Nooſe, to hang it on a ſmall Pin or Nall 


faſtned in any Place, fo that the Plummet may fwing freely” 
Then the Loop of the String being hung on the * 
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each of thoſe Swings ſhall de a true Second of Time, and 30 of 
them the juſt Lengih of an Half - Minute-Glaſs. 


Always counting the Swings bath forward from, and . | 
ward to the Perpendicular, ſuppoſed to fall from the Pin where- 


on the String doth hang: For half -a Second of Time is meas 


ſured every Time the Plummet paſleth from. the Perpendicular, 
to its utmoſt Swing either Way. _ 


| But when the Ship hath any conkiderable Motion, make the 
String 7 Inches ſhorter, and there make a Knot to hold it by, 
E |-tvcen your Finger and Thumb; then by the Motion of the 


Hand, cauſe the Plummet to aſcend to an Angle of about 60 
Degrees from the foreſaid Perpendicular each way; then each 


us dual be equal to thoſe before mentioned; So that by this 


Experiment, you. may meaſure a true Half Minute of Time with- 
out a Glaly and 1 it examine the Troy of wy wr of 
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A foul a] a VOYAGE 


(By God's Permiſſion) in the 


George 12 E oN D. A. B. Commander, 
4 FROM. THE 3 


n rd iu La; 50d. oom. North. 
. Longitude 5d; zam. Weſt. 


TO: THE 


| Wand 2 zarbadots i in 5 Latifude 130. 25m. Nor th. 


Longitude 58d. 04m. Weſt. . 
Their Difference of Longitude 52d. 40m. Weſt. 


The Courſe from the Lizard, S. 49d. gam. or Nin, 


Lhcir Diſtance 1 in that Rumb, 2407 Minutes. 


Tos by C. D. Chief, Mate. 
Began Jamar 0 — 55 1 484 
| EC” 


ſtring 337 Inches from the- Center of Gravit to the Center of 
Motion; that is 38 Inches from the End of the Loop, to the 
| middle of the Plummet; and the, Plummet cauſed to Swing 5 
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| enting the T.07-Book 
there are five Columns, and in the lower part there are ache 


The Exylanation ef the prece 


Columns; all which have been deſcribed in the Directions immedi. 
ately before the Journal (in page 266.) The Buſineſs now is to oy. 


lain the Manner of proceeding in this Journal, and that is thus: 
be firſt Page of the Journal Gp Page 72 Contains the Log. 
departi he Ligzrd, which was 


ures, Diſtance, Se. as iv the Journal (Page 275) you may ſee, 
Sunday | : 
Monday 


rafter, which may not be underflood by every one, 
Txeſday 


25 
(tho? it's convenient {> to write them) you have here 
P MS Ye 
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Wedneſday) the Week - Days with their Characters. 

Thurſday ] And becauſe the Lizard did bear North 18 Minutes 
Friday + Diftance, therefore make the Courſe South, and place 
Saturday \ N11 Sm. in the Column, underDiflance, O then the Dif. 
ference of Latitude is 18m. which acordingly place in the South Co- 


lumn, and ſubtract it from the Lizard Lat. 50d. oom. the Remainder 


49d. 42m. is the Lat. the Ship is in, at parting fight of Land; which 
accordingly is placed in the Column, under Lat. by Account, Sr. 


And in the laſt Column becauſè the Courſe is South, place the Longi- 


tude of the Lizard 5d. 24m. Weſt, and all that Day's Work is done 
Then from the 13th Day at Noon, to the 14th Dey at Noon, you 
haye the Courſes and Diſtances for every two Hours; with the Wind, 
and Weather, as they are taken from the Log-Board; as all other 
Circumſtances attending, are there expreſſed; for the Particulars 
whereof, I refer to the Journal it it in page 274. The fevers) 
E "on pony 409 Wong be fot Por 
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At aW SW. 3. Ata Wby N 5: 
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o that the Courſe made good, is S. 68d. oom. Weſterly, or 
WSW. neareſt, and the Diſtance 137 Min. 4 Tenths ; which 


place in their proper Columns, as may be ſeen in the; firſt Day 
of the Journal, at the Foot thereof in Page: 274. 
The Difference of Latitude m. 5 178 {or neareſt 51 Minutes) 


being; Southerly, ſubtract from 499. 42m. the Latitude at parting 


fight of Land, the Remainder 48d. 51m. place under Latitude 
by Account, for the Latitude the Ship is now in. 
Again, the Departure*r 27.4 Minutes being reduced into De- 
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3 Meridian Diſtance, &. in Page 27 5. 
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min. 127.4, by which find the Difference of Longitude as di- 
rected in Problem 5. of Mercator's Sailing, in pages 96 and 97» 
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Meridional Difference of Ns to ho Difterence of Longitude 
dem. K's 
Or: 2 49˙42 Merid. 3 = bound in the Table of 
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AS 51m.;4.. m.127;$: : m. 78 .. 193m. or oo 13m. Weſterly, 
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the Sum 8d. 37m. W. is the preſent e which place in 


Jo Column of the Journal : Then that Day's Work is 
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Then, from the 190 Day at og to the I 5th Day at Won 
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The Work of I the 1 5thof = 1740, the ſecond Day's 
alling in the n Jou in Pages 276 and 277. 


Fit | 
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Firſt, 2 WS W. 6. | Stcondh, 


As m. 736+ m. 1398 :: T. 45d. -- T. 62d. 15m. South Weſterly 
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- titude 48d. 51m. and 47d. 37m. the preſent Latit | 
tude of the Day before, with tho Departure m. 139.8, by which 30h 


51 


5 KF. 
4——$W. 6. 
10 the ſame 7. 6— be fame 5.8 
1222 — 7 .ꝗ1 eee up, is ———T1.8 
22 — 7, | That is SW. 23.6 
5 Thirdly, 8 SWby W 61 
© 6.8 


H, K.F, 


a 4 The ſame 6.8 

> 1 66 Summed up, s—— I 3-9 

Summed up, is 54.1 | That is SW byW.— 27.8 
That is WSW 108.2 | NY 


- So that the Courſes of this Day are theſe. WSW. m.108.2 


SW. m.23.6 and SW by W. m. 2.8, and by Chapter 3. Section 


4. of Plain Sailing, in pages 64 and 65, may be reduced into 


one Courſe as followeth. 


[i THT EN 


|. 
[WSW 108.22 7 100.0 
* 23.6% 16.7 6. 

$wWbyWh 2780 f 221 

| _ Diſtance 159.6 Lat. 73.6 Dep. E39. 


or SW. by W. half W. is the Courſe made good. 


As S. Courſe . Departure : : Radius +. Diſtance, 


As S., 62d 15m. . m. 139.8 :: S. god. 158 Minutes. 
The Difference of Latitude m. 73.6 S. and the Departure m. i 39. 
Weſt, make the Courſe 8. 62d. 15m, W or SW by W. half W. and 
the Diſrance 158 Minutes; which place in their reſpective Columns 
in the Journal for the Day ſed, in pages 276 and 277. 


Then the Difference of Latitude m. 73. or id. 14m. being ſub- 
tracted trom the Latitude the Day before, 48d. 51m. the Remainder 
47d. 37m. place under Latitude by Account, for the Latitude the 


Ship is now in, as in Page 277. CER py | TY 
And the Departure m. 139.8 near 140 Minutes, being equal to 2d 


| 20m, is added to (becauſe it's Weſt, had it been Eaſt it ſhould have 


been ſubtracted from) ad. 7m the Meridian Diſtance the Day before, 
and it makes d. 2m. Weſt, for the Ship's whole Meridian Diſtance 


from the Lizard, which place under its proper Title, in Page 277. 


Laftly, to find the Longitude the Ship 1s now in, Þ kay have the Ls 


may find the Difference of Longitude in this manner, 


+» 


5 Chap. XII. 


Farne r 


and the Lati- 


”; * 
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| KY dm. e , 158 Min, EY ks a n 
« 147 L. 948.51 2 fer. 3369 found in the Table of Me- 
11 7 5 er Far 7457 ridional Parts. 
Che Meridional Differ, of Latitude 112, And then'fay, | 
As m. 73.6 -» 139.$:: 112m. . m. 213, or zd. 33m, Weſterly, 
whichbeing added to the Longitude of the Day before, 8d. 3m the 
Sum 12d. tom. Weſt, is the preſent Longitude, which place in the 
laſt Column of the Journal, in Page 277; and the ſecond Days Work 
is kniſhed, - c bs v4 
Again, In the two next Pages of the Journal, are the Courſes, Di- 
ſtances, Winds, Oc. taken off the Log-Board from the 15th Day at 
Noon, to the 16th, which are wrought as follows. | 


in the preceding Journal. 


Curſe. | DIRT NN,” EA 


$I by I. 12.0 | 7.0 10.5 | 
58 —— [168.2 | 148-0 4. 1136-4 [- 
Diſtance 180.8 DI. Lat. 125.9 | Dep, 129-4 | | 


As Dif. Lat. . Departiire : Radius . T. Courſe. 


A m. 125.9 m. 149.4 :: T. 45d. . T. 454 45m. South Weſterly 


7 or SW, is the Ship's Courſe. _ | 3 
| As S. Courſe .. Departure : : Radius. Diſtance. 
As $.454 47 m- +. Min. 129.4: : S. god. . 180.5 Minutes. 


By the Work above it's evident, that the Difference of Latitude is 
8 m. 125 g >oath, the Daparture m. 129,4 Weſt, which maltes the Courſe 
d S. 45d im W. or 8 W. and the Diſtance 181 Minutes very near, 


* which place in the reſpective Columns, in the Journal for Þ the 16th 
of January, in Pages 278 and 279. 607 EY 


Then the Difference of Latitude m. 125.9, or near 126 Minutes, 


b 

5 equal to 2d, 6m. South, ſubtracted from the Latitude of the Day be- 

c fore, yd. 37m. Remainder is the Latitude by Account, the Ship is 

in 45d. 3Im. N. which place in the ioth Column, in Page 279. 
And the Departure 129 Min. or 2d, gm, Weſt, being added to 4d. 


ve Am the Meridian Diſtance of the Day before, makes 6d. 36m. Weſt, 
e, dhe hole Meridian Diſtance by Account from the Lizard, which 


© OW PUcc in the 11th Column of the Journal, in Page 279. 


„ do having both Latitudes 47d 3 1m. and 45d. 31m. with the 
4 Departure m. 1 29.4 ; by them find the Difference of 4 Thos . 
5 Lat, L 47d. 3Jm. g 3257 j 3 ae © 
ou © 16 Z Lat, a5 d, 3 lm. $ Merid Part 3074 © Min. r of 1 | 


Tic :cridienal Difference of Latitude — 38 3 Min. 
T 2 3 


The Work of 9 the 16th of January 1740, the third Days Sailing 


Column of the Journal, in page 279; and this 


r p * ts 2 R * Wenne _—_ bes n : 
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As m. 125.9. m. 129.4: : 183m. .. 189m. or 3d. gm. Weſt is 
the Difference of Longitude, and being added to the Longitude 
of the Day before, r2d. rom. the Sum 1 5d. 19m. is the Lon- 
gitude (by Account) the Ship is now in; which place in the laſt 

Days Work (as 
to the Account, or Dead Reckoning) is finiſhed, 

But on the ſaid 16th of January at Noon, by a good Obſerva- 
tion of the Sun, I find the Latitude 45d. 7m. North, whereas 


by the Journal, the Latitude is 45d. 31m. North, their Diffe» 


rence is 24m. South, that is, the Ship by Obſervation is 24 Mi- 
nutes more Southerly than by the Reckoning, . 
Wherefore to correct the Latitude, place 24m. in the South 
Column, and add it to the Difference of Latitude m. 125. 9, it 
makes min. 149.9 for the Corrected Difference of Latitude; 
Alſo ſubtract it from 4 5d. 31m. (the Latitude by Account) to 
make it agree with the Obſervation, as you ſee is done in the 


Journal for the faid 16th Day, in Pages 278 and 249. 


Then to correct the Departure, conſider according to the 
oth Rule in the Directions for keeping a Journal, preceding it 
in page 269, whether there be a Current or no, and conſulting 
the Written Journal, I find,. A great Sea after us, ſetting o- 
« wards the SSW. for theſe three Days paſt ; which I take to be 
'the Cauſe of this Error of 24m. in the Reckoning Latitude. 
And therefore (by Problem 2. of Plain Sailing in page 61.) find 
what Departure a 88 W. Courſe, with Difference of Latitude 
24m. will make, which is thus. n ES 

As S. 6 Points.. 24m. : :8. 2 Points. m.9.9 the Correction in 


the Departure, which place in the Weſt Column, and add it fo 
the Departure m. 129.4, it makes 139.3 for the Corrected De- 


parture ; Alſo add jt to 6d. 36m. (the Meridian Diſtance by 
Account) it makes 6d. 46m. the Corrected Meridian Diſtance ; 
as you ſee in the 11th Column of the Journal in page 279. And 
to correct the Longitude by the 15th Rule for keeping 4 Jour- 


mal (in pages 270 and 27 1) is thus: 


d. ins | min. 


*., 
* 


WIN bs Account 45-317 Mer. Parts 1 3054 1 found in Table 


Obſerv. 45.0% 5 3040 F Merid. Parts 


Correction in Latit —24 Mer. Diff. Lat. 34. Then, 


As 24min: . m. 9.9: : 34 Min. .: x4. Min. the Correction it 
Longitude Weſt; which being placed im the laſt Column, 


and added (for that by the ſecond Caſe of the 13th Rule ple- 


ceding the Journal, in page 270, the Ship hath _— 4 


le 


Chap, XII. 


id. 33m. write underneath, which is the Corrected Longitude 
the Ship is in. 5 e 
Laſtly, To find the Courſe and Diſtance agreeable to the 


Correckion by Obſervation, you have the Corrected Difference 


of Latitude and Departure; which according to Problem 6. of 
Plain Sailing, in page 63, is thus: 

As the Corrected Difference of Latitude, is to the Corret᷑ted 
Departure; So is Radius, to the Tangent of the Courſe Cor- 
rected. I, hs 88 ek | 


AS fit 149. . m. I 39-3: T. 45d. + T. 42d. 50m. South 


Weſt rly, or SW by S. W. is the Corrected Courſe. 
As S. Courſe ., Departure: : Radius. Diſtance. 


AS. 4d 59mm. .. m. 139. 3 5 S. 90d. 204m. Corrected Diſt, 


So that the Courſe, and Diftance Corrected by Obſervation 
is SWhyS3W. 204 Minutes, which write in the Journal tor 
the ſaid Day, in page 279. Then the whole is finiſhed, and 
the Reckoning ſet to Rights for that Time. 

And now, having largely ſhewed the manner of theſe three 


Days Sailing, how they are wrought, and plac'd in their proper 
Columns in the Journal, with an Example of a Correction by Cœ 


leftial Obſervation 3 J leave the reſt to the dihgent Learner's 
Practice, for they are done after the ſame manner: And the 


29th of January you'll meet with another Correction for your 


rial, which you may perform, if you ftudiouily compare this 
one Example with the preceding Rules and Directions, and with 


irequent Practice will ſufficiently enlighten the Way, the Man- 


ner how, and the Means whereby, to kcep a Sea- Journal (in this 


- 


And to invite all to keep their Sea Journals after this new Me- 


thod, which J dare preſume will nearly quadrate with the Forms 


practiced by the Ingenious; I have cauſed Paper Books to be ruled 
and intituted (in all reſpects) like to the Journal foregoing. 
Which you may be furniſhed with at Reaſonable Rates, by 


U. Mount and T. Page, in Poftern-Row, on Tower-Hill. 


Here /ollow ſeveral TABLES uſeful in Navigation, <vith 
cu Deſcriptions and Uſes briefly and fully explained. 


: A TA BLE of the Difference of Latitude and Departure 
tom the Meridian. h | 
Ro e e 


The Jvurnal Explan dl. 293 
| Reckoning) to 15 deg. 19 min. the Longitude over it, the Sum 


eaſy and commodious new Method) with greater Certainty than 
hath hitherto been Taught. | | | 
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Section I. The Uſe of the Table of Ten Thouſand Logari this 
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II. A Table of Meridional Parts, for the making Mercetor's 
Chart, and the working Queſtions in that kind of Sailing. 
III. A Table of Proportional Parts, for ſupplying every Mi. 
nute of Latitude in the Table of Meridional Parts. 
IV. A Table of Logarithms from 1 to 10.000, . 
V. A Table of Artificial Sines, Tangents and Secants to every 


Degree and Minute of the Quadrant, the Radius being 10.000000, 


VI. A Table of Angles, which every Rhumb (or Point of the 
Compa!s) maketh with the Meridian. 10 
All of them carefully Corrected, and exactly Printed. 


i 


— ens 5 en een tn, 
Chapter I. The Explanation, and general Uſe of the Table of 
Logarithms, and Tables of Sines, Tangents and Secants. 


T HE Table of Logarithms being of more general Uſe than 
any other, I begin with it, altho* it be one of the laſt in 


beginuing at Page 31g. 


'T HIS Table hath its firſt Page divided into fix Columns, 
and all the following Pages into ſeven Columns, and con- 


taineth the Logarithms for all Numbers, encreafing in their 
Natural Order, from 1, to r0.000 ; after this manner. 


1, The Firſt, Third and Fifth Columns of Page 315, contain 
Numbers, encreaſing in their Natural Order, from I to 100, 
the other three Columns contain the Logarithms of them. 


2. The Left-hand Column of each following Page (from page 


316 to page 357, contain Numbers encreaſing as before from 
100, to 999 3 the next five Columns of each Page, contain the | 
Logarichas of all Numbers from 1000 to 9999 ; Thoſe on the 
Left-hand Page are diſtinguiſhed at the Top with the Figures, 
12 314, thoſe on the Right-hand with theſe Figures, 50% 89. 


The Numbers in the Left-hand Column, (under Num. (in 
each Page, with the joining thoſe Figures at the Top of the 0- 
ther ten Columns, are extended from 1000 unto 99999. 
4. The laſt Column of each Page under Dif. at the Top 
containech the Difference of the Logarithms. 1 
The manner of reading them, and their 
be explained in the following Propoſitionns. 
Propefition 1. A whole Number under 100 being given; {2 
RG find the Logarithm thereof. 15 
The Rule. Turn to the Table of Logarichms, and in et Tm 
| 7 "or 


general Uſe, fal! 


** 


Sect. I. The Uſe of the Table of Logarit mu. 295 
Third, or Fifth Column, of page 315, under Numb.) at the 
Top, look for the given Number, and in the next Column 
under ( Legar.) is the Logarithm ſought. a, 

Example. Suppoſe the given Number Was 19 3 What is its 
Logarithm ? I . 2 

Look in the firſt Column of page 315, under ( Num.) for 19, 
and in the next Column, under ( Loger. ) is 1.278754, which is 
the Logarithm of 19: After the ſame manner you will find the 


29 0.301030 
| ) 1.000000 
45 1.653212 "0 
| 15 100 _ ££.2,.000000 | "al 
Note 1. In every Logarithm, the firſt Figure (to the Left- 1 


hand) is called the Characteriſtic, Index, or Noting Figure, 

and it ſerveth to ſhew how many Places the Abſolute or Natu- 
ral Number (thereunto belonging) doth contain. 3 
Note 2. The Characteriſtic or Index of every Logarithm, is 


an Unit leſs than the Number of Places in its correſpondent ab- 7 9 
ſolute Number. That is, 1 1 


a Numbers from 1 to 10, the firſt Figure of their Logarithms 
is 0, from 10 to 100, is I : from 100 to ro00 is 23 from 
1000 to 10,000, is 33 from 10.000 to 100.000, the Cha- 
racteriſtic or Index, of their Logarithm is 4, G. „ 
Propaſitiau 3. A Number that conſiſts of three Places, being 
given; to find its Logarithm. 3355 ' 
The Rule. Seek the given Number in the firſt Column (of the 
Lefi-hand Page) under (Num.) at the Fop; juſt againſt that 
Number, and in the next Column under (0) at the Top, you 
will find a Number of 6 Places befides the Index Figure corre- 
ſpondent to the given Number; that intire Number is the Lo- 
garitom ſought. HY 2 85 „ 
Exanple. I deſire to know the Logarithm belonging to the 
Abſolute Number 218 5 e | 
In the firſt Column of page 320 under ( Num.) you'll find 
215, and right againſt it, in the next Column under (o) at the 
Top, 1s 2.332438, beſides 2 the Index Figure proper for 21 5, 


) the intire Logarithm is 2.332438, of the Number 215. 
| "23s 1 £13334 . 
. 2.15 %„ \ 9332438 
5 | In like manner 0.215 iy 4 332438 
L ) 3.659 ( J0.567026 , In Page 
7 | 36.9 Fg 1.567026 | 328. 


3069. JF \ 2567026 Here 


k 96 | The Uſe of the Table of Logarithms. 


Chap, . 
Here note, that when the given Number is a Decimal Fraction, 


the Index hath a daſh over it, which by ſome is called a Nega- 
tive, being it's the Index of a Logarithm whoſe correſpondent 


Ab ſolute Number is leſs than a Unit. 7 
Propafition 3. A Number conſiſting of four Places given; to 


| find the Logarithm thereof. 
The Rule. Seek the three firſt Figures of the given Numbe 
in the Left-hand Column, under (Num. ) and the Fourth or la 
Figure at the Top; then in the common Angle of Meeting is a 
Number of ſix Places (beſides the Index Figure) before which if 
you place or prefix its proper Characteriſtic or Index, you'll 


then have the Logarithm ſought. a 


Example. What is the Logarithm of 21577 
In the Left-hand Column of page (320) under Nun) find 


2115, and 7 at the Top of page (321); then right againſt (215) 
and under 1 you'll find (befides its Index Figure) .333850 ; 


Togarithin of 2157. In like RENTS he: 
5 . 12.333850 
21.57 [11.333850 
2157 e. 

I ©-2157 1.333886 

W. 4 Fans 

The Loguithm of [ 0.002157 [ 2333850 


before which prefix its proper Index 3, and it's 3.3338 50, the 


* 


1 
dl” 


9.03695 12.567614 
0.3698 1.57614 In Page 
3-095 9 0.567614 329. 

= 30.95 11.567614 ; 


Propoſition 4. A Logarithm being given; to find the Abſolute 
Number thereunto belonging. 


This is but the Converſe of the former Propoſitions, and 


therefore according to Chapter 1. Note 2. in page 295: 
Typ. Rule is, 1. The Characteriſtic or Index will declare of 
how many Places the Correſpondent Abſolute Number doth 


conſiſt. Nt IEC. 
2. For if the Index be (o) or (1) ſeek the given Logarithm in 
page 315, of the Table of Logarithms ; and when it's (2) {ce 


jt in the following Pages after Page 315. But when it's 3, 4 


or 5,. Ft, reject the Index, and ſeek the remaining F igures a” 
mong the Logarithms as before, and the Number againſt 1 1s 
the Number fought. e 1 : 


hw — om 4a % 3 & weed + pron 1 


S 


TW 


al 


the abſolute Number belonging thereunto? 


This Logarithm 0.698970, you will find in the Sond . 


jumn of Page 315, under { Logar.) at the Top, and right againſt 


it in the Left-hand Column under (Num. there is ( 5) which i is 


the abſolute Number ſought. 


Example 2. I demand the abſolute Number Correſpondent to 


this Logarithm 1.653212 


Look down the fourth Column of page 315, and you'll find 


1.653212 under (Logar.) to ſtand againſt 45 under (Num. ) 
which 1s the Number required. 


Example 3. What is the abſolute Number anſwerable to this 


Logarithm 2. 332438 
The CharaUeriftic or Index 2, ſheweth the Number ſought 


goth conſiſt of three Places; and in the ſecond Column of the 
Left-hand Page under (o) at the Top; in Page (320) you will 


ind the aforeſaid Figures 2.332438 to ſtand againſt (215) in the 
kt Column under (Num, ) therefore the given Number ſought 
48-218. 

Example 4. Suppoſe the given Logarithm be 3. 3338 50; 
What is the abſolute Number agreeable thereunto? 


Reject 3 the Index, which declareth the Number ſought 


oy” ty of four Places; and then looking down the ſecond 


Column of the Left. hand Page, you will in Page (320) find 


the neareſt rejecting che Indices (being leſs than 1 50 the 


given J. ogarithm) to be. 332438, and the Number againſt it 
bas (215) ; then look a-croſs the Pages 


in the Left-hand 3 
in the ſame Line direct, towards the Right-hand, from the Big 


215, and under 7 at the Top in Page (32 1) you will find the 
given Logarithm .332850, therefore 215 in the Leſt-hand Co- 


lumn, and the 7 at the Top being put Is make 4437 the 
N umber required. 


Sect ,0n II. The Up of 4 the Table of Artificial Sines, Taco, 


ad Secants, beginning in Page 358. 


"HIS Table followeth next after the Table of . 
:1 contains the Logarithmic Sine, Tangent and Secant of 
F * Deans and Minute of the Quadrant, after this manner. 

*.v-ry Page is divided into 8 Columns, the firſt and laſt 
715 aan contain the Minutes of every Degree, and the other 
6, the | ogarithmic Sine, Tangent and Secant of thoſe Degrees 


e 


and M nut, 


Seft, 1 he oh ofthe Table i n wg + 97 ; 
Example. Let the given Logarithm be 9.698970. What is 


- 
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Left- und 
2. The T Right In Column of each page 420 1 dal. 


at we Foot þ of the Table containeth the Minutes of thoſe 


N which are . than 45, and . increaſe in 


Deſcent 0 
A from o to 60 Minutes. 


The Explanation is in the Propoſitions following, 


Propefi tion 5, To find the Sine, Tangent, and Secant of any 
Degree and Minute given, 


The Rule If the Degree be wh © than 45. it's found in 


more 
thoſe Columns which have the Words Sine, Tangent, Lecant, 


Head) 
at the I Foo : * the Table. 


2 xample 1. I demand the Sine, Tangent, and Ton of 
25d. 15m. 
Lock for 25 Degrees i in page (408) at the Head or Top of 


the Table, in the firſt Column of the Left-hand page) under 
(Min.) at the Top, look downward for 1 5 3 againſt which 
and (in page 408) under (Sine) you will find q. 629989, which 
is the Sine of 25d. 15m. Alſo againſt 15, and under (Tang. 
you have 9.673602, the Tangent of 25d. 15m. Likewiſe 
againſt x5, and under $ecaxt, you have 10. 04361 3, the Secant 
of 25d. 1 5m. 


Example 2. Suppoſe you are to find the Sine, Tangent, or 


Secant of 33d. 45m. 
Turn to 33 Degrees (in page 424) at the Head of the Table, 


and in the firſt Column upon the Right-hand page, under (Min.) 


at the Top (of page 425) find 45; right againſt which, and 
under ( Sine) at the Head of the Table (in page 425) you will 
find 9.744739, which is the Sine of 33d. 45d. 0 againſt 
45, and under (Tang.) you'll have 9.824893 the Tangent of 


33d. 45m. Likewiſe againſt 45, and under (Secant) is 


10.9801 54, the Secant of 33d. 45m 

Example 3. Let it be required to find the Sine, Tangent, or 
Secant of 56d. 1 5m. 

Seek 56 Degrees (n page 42 5) at the_Foot or Bottom of 
the Table, and in the Righ-hand Column of (page 425] E 


ver (Min.) at the Foot of the Table, 132 r of 5 


then againſt 15, and over Sing (at the Foot of the Table) you 


| have 9.919846, the Sine of 56d. 15 min. Alſo, againſt 15, and 


over (Tang.) you will find 10. 175107, the Tangent of 50d. 
zem. Likewiſe againſt 15, and over (Ferant) you'll find 
10.255261 the Secant of 56d. 15m. n 


Example 4. Suppoſe it was required to find the Sine, Tangent 


| or Secant of 67d. 51m. 


Tun to 67 degrees at the Foot of the Table, (in pag 1 402) 155 
and in the Right-hand Column of that page over min. at the 


Foot of the Table, look upwards for 51 ; then againſt 5x, and 


over (Sine in page 402) you'll find the Sine of 67d, 51m. to be 


9.956705 3 and the Tangent in the fame Line, over (Tang. } 

to be 10.390326. Alſo the Secant to be 10.423621. % 

Prapoſition 6. A Sine, Tangent, or Secant being given; to 
nnd the Degrees and Minutes anſwering thereto. 


And that the Learner may the more readily turn to the Degree . 


an! Minute required, let him obſerve this brief Rule. 


Sine | lek = 9 
DE 3 Tang r than 45 Degrees. 
([ Secant more 3 9 


Minutes anſwering to this Sine, 9. 39205. | 3 
This according to the preceding Rule, being the Sine of leſs 


. 


| Minmes ſought are 33d. 16 min. 


correſpondent to this Tangent 10.183966. 1 
Rurning over the Columns which have Tang.) at the Foot 


< 


ike manner do for any other. 


„ *7#/e4tion 7. To find the Sine Complement, Tangent Com- 
plement, or Secant Complement of any Degrees and Minutes. 

of Dee Hale. Subtract thoſe Degrees and Minutes from go De- 

eres, 4 then take the Sine, Tangent, or Secant of the 


Re- 


A Tang. > and the 1ſt Figures fla 8 : 
cect Je more 5 (10.1505 


| Ecample x. Suppoſe it was required to find the Degrees and 


than 45 Degrees, I run over the Columns which have (Se) at 
the Head of the Tahle, and under 33 Degrees, and againſt 16, 
| (in page 424) I find the given Sine; therefore the Degrees and 


| Example 2, Suppoſe you are to find the Degroes and Minutes 
of the Table, you'll (in page 424) over 56 Degrees, and right 


| ipanſt 47 [Min.) the neareſt leſs to be 10.183893. Therefore 
| the neareſt correſponding Degree and Minute Is 56d. 47m; In | 


— — — Td. ab Soes 


X "OT — ene ey — — woken : 
{ 1 W 4 1 1 A. n * 4 | 4 
k A * 59 


2300 Thr Uſe of the Table of Sines, Tang. and Sec. Chap. I. 
| Remainder according to Propoſition 5. in page 298 : which 


will be the Sine Complement, Tangent Complement, or Secant 
Complement required. Ws 


* 


bo xample. Suppoſe it be required to find the Sine Complement, | 


Tangent Complement, or Secant Complement of 33d. 45m, 


Subtract 33d. 45m. from go Degrees, the Remainder 564, 


I Sm. whoſe Sine, Tangent, or Secant, according to Propoſition 


5. in page 298 ; is the Sine Complement, "Tangent Comple- 


| ment, or Secant Complement required, 
Propoſition 8. To find the Sing, Tangent,. or Secant of any 


Number of Degrees and Minutes which exceed go Degrees. 
The Rule. Subtract thoſe Degrees and Minutes from 180 
Degrees, and ſeek (according to Prope/ition 5. in page 298) 
the Sine, Tangent, or Secant of the Remainder, which will be 
the Sine, Tangent, or Secant required. 

Example. Suppoſe you are to find the Sine of 132d. 17m. 

| Subtract 132d. 17m. from 180 Degrees, the Remainder is 


47d. 4 3m. the Sine of which is the Sine required. 


Propoſition 9. To find the Complement Arithmetic of any 


Logarithm given. 


The Complement Arithmetic of a Logarithm is, what it | 
wanteth of r0,000000 or 20,000000, and is uſed to avoid 
Subtraction ; For finding it, this is 4 

'The Rule. Take the Reſidue or Remainder, of the firſt Figure 
to q, and fo of the reſt, until you come to the laſt Figure, of 
which take its Remainder unto 10, and its's done. I 


Example x. I would have the Complement Arithmetic of 
9.525948? e oo oy Bam 
For the firſt Figure q write o: for 6, 3; for 2, 75; for 5 
43 for 9, o; for 4, 53 and for the laſt Figure 8 write 2. And 
ſo you have 0.374052, for the Complement Arithmetic ſought. 
Example 2. The Complement Arithmetic of 10.331 327 K 
required ? 0 „„ | 
For o (always rejecting the firſt Figure, when there are 0 
Figures in the Characteriſtic) write g ; and fo on as before dt 
rected ; and then you will have 9.668673, Which is the Com. 
plement Arithmetic of 10. 331327. | eri 
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CHAPTER II. The Explanation and Uſe of the Table 
of Difference of Lati tude and Departure. from: the Me- 
ridian, in pages 306 and 307. 


T Als Table, tho” ſtanding in ſo little room as two Pages, 


will give the Difference of Latitude and Departure for any 


Diſtance run, uhder 10.000 3 and for every Quarter Point of 


the Compals. 


The Courſe ſtahds at the Head and f ot of the Table ; ; at ihe 


Head it begins at 4 Point, and then 4 Point, ? Poiht, ircrealing 


forwards td 4 Points. 
At the Foot it begins at 4 Points, and then 44 Points, 42 
hens 4.5 Points, increaſing backward to 7? Points. 

[he Diſtance Run is placed in the two outetmioſt Columns 
of each Page, under and over the Word Diſt both at the Right- 
hand and at the Left-hand, beginning at 1; and increaſing 
fownward to 10, about half way each Page; and then begin- 


of each Page. 
The Difference bf Latitude and Departure from the Meridian, 


| fland under the Couffe at the Head of the Table, and over the 
Courſe at the Fost thereof; Which are diſtinguiſhed by the 


Words Lat. and Dep. 


The Uſe of this Table ſhall be made evident in refolving a 
"ngle Courſe (which is the firſt Caſe of Plain Sailing) and a 
Traverſe, in theſe following Propoſitions. 


| Fropolition to. Courſe and Diſtance Run given ; to find the Dif- 


foreuce of Latitude and Departure from the Meridian. 

Example 1. Admit a Ship fails 8 by WI W. 6 Minutes, I demand 
tre 1fference of Latitude and Departure f rom the Meridian * 
On t Left. hand in page 306, (of the Table under 1 Point,) 


rd right againft 6 Minutes, under Diſt. you will find (under 


the Word Lat. ) 5.6492, and (under the Word Dep.) 2.201 35 


tor the Difference of Latitude, and Departure required. 


But it may ſuffice if the Difference of Latitude and 3 
be taken only in Leagues or Minutes, and tenth Parts of a Mi- 
nute, or League 3 with lp „ that i the 

©51- 
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ting agam at 1, and from thence increaſing to 19, at the Foot 
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2 60 „„ „ 56.49 
For pa.) SSThe Diff. Lat. 5 1.68 derbe _4:71 
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And when the Parts are 951, or more, then make the Minus W 


or Leagues of Difference of Latitude and Departure from the Me. 
ridian, 1 more than they are in the Table. As for Inſtance ; 


2.161 „ | Ry Tenths 
| 6.151 "OY \ 6.2 | eV 
Inſtead of | 2 8 down 2 ot Leagues, 
10 | 


9-939 


So then the aforeſaid Example S by W. 4 W. diſtance 6 min, © 


being long in the . finds as before, 1 

= ifference of Lat. 5.6492 ib Lin. 5.6 Tenths, 

The 13 13 chat is, 3 Min. 2.0 Tenths, 
Example 2. A Ship fails 88 W. Z W. 60 Minutes, I demand 


the Difference of Latitude and Departure from the Meridian? 


Io perform this, count 1 at the Beginning of the Table, to 


be 10, and 2 to be 20; 3, 30; 44403 5, 503 6,60, c. to 10, 


which now ſtands for 100. According to this Direction, againſt 
6 (which now ſtands for 60) on the Right-hand Page 307, and 
under 21 Points, ſtands 5. 291 5 under Lat. and 2.8284 under 
Dep. which makes the Difference of Latitude 52.913. or Min. 
2.9 Tenths, and the Departure 28.284, or Min. 28.3 Tenths: 
or obſerve, That if the Diſtance be 6 Min. the Difference of 


Latitude is 5.291, and Departure 2.828. But, 


br | 408, I, x 52.91 | 28.28 
Dif be 640 1 5 8 529-1 debe. 3 282.8 


6000 JT LY 5291. 2828. o 

And after this Manner you muſt increaſe the Difference of 
Latitude and Departure, as the Diſtance doth increaſe. 
Example 3. Suppoſe a Ship ſails ES EA E. 6gm. I demand the 
Difference of Latitude, and Departure from the Meridian? 
This muſt be look'd out of the Table at twice, that is, firſt fnd 
the Difference of Latitude, and Departure for Diſtance 60 Min. 
then find the Difference of Latitude, and Departure for Diſtance 


5 Minutes, and add both together, which will ſhew you the Df. | 
V Latitude and Departure, required; as hereunder you may ſee; 


Min. 1: RAC Min, 


21.8 61.20 
That is, according to the former Direction, the Difference of 
Latitude is 21.89, or Minutes 21.9 Tenths, and the Departure 
61.20, or Minutes 61.2 Tenths, which was required. 


_. Example 4. A Ship fails S Wbysz W. 137 Minutes, I demand 


FR 


the Difference of Latitude, and Departure from the Merid * 
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This muſt be taken out at thrice z. that is, ſeek the Difference 


= of Latitude and Departure, for the Diſtance m.100, for m. 30. 


ind for m. 7; add them together, as hereunder is done. 


| Min. Min. Min. 
| 100 3". b | a 80.32 e 0 59-57 | 
(ru tos „ ) 24:10 17.87 
org, den en ) 28 17 
137 TA | EV 110.04 C81.6x - 


That is, Differ. of Lat. is 110 Min. and Dep. is m. 8 1.6 Tenths. 


Propoſition 11. Several Courſes and Diſtances given; to find the 
Differ. of Lat. and Depart. which is the reſolving a Traverſe, 
Examp. Admit a Ship fails WSW. 106m. then WbyN. m. 10.4 
then SW by W. 2 zm. I demand the Difference of Latitude and 
Departare, direct Courſe and Diſtance from the firſt Place? 
Theſe Courſes and Diſtances are taken from the foregoing 
Journal, in page 274, being what the Log-Board made out for 
the firſt Day after departing from the Liard. he 
In order to the working this by the Traverſe Table, fet down 
the ſeyeral Courſes, and Diſtances, as in the Table following. 


| Ceurſis Dift. | B55 erence Latitude * 5 eparture ; bY 
iin min. 8 C 
| WSW 100% 38.77 [9230 
. | 6.0 Ne 2 2.30 n 5-54 
WhbyN | 10.0 1.3? | | 9-82 
eee OS 8 
SW by W! 20.0] | ann 7863 
ES BE p / —— ˙* I WET... £13 
Summed up _ 2.03 53.33 127.25 
| Lat. ISI. 32 | Dep. | 127.25 | 


Then by Prop. 1. find the Diff. of Lat. and Dep. for each ſe- 


|} vera Courſe and Diſtance ; which place in their proper Co- 


lumns ; hat is, if the Courſe be North Eaſterly, place the Diffe- 
tence of Latitude in the North Column under N and the Depar- 
ture in the Eaſt Column under E. If the Courſe be N. Weſter- 
/ place the Difference of Latitude in the N. Column under N, 
and tne Neparture in the W. Column under W. | ; 
if the Courſe be S. Eaſterly place the Diff. of Lat. in the South 
Column under S, and the Departure in the Eaſt Column under E, 
but ehe Courſe be South Weſterly, place the Difference of Lati- 
de ine South Column, and the Departure in the Weſt Column. 


— . ˙— ee dads and eti.. 
r 
4 
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WS W. the Diſtance 106m. which is parted into two park, 


which is alſo look'd out at twice; ard the Difference of Lat. 
tude 1.95, I place under N. and the Departure 9.81 under W. 


the Remainder is 51-32 the Difference of Latitude Southerly. 


_ is r27.25 the Departure Weſterly, 


Chapter III. The Uje of the Table of Meridiona! Parts, 


T HIS Table ſheweth the Meridional Parts for evety Minute 


Columns are the Meridional Parts for every 5 Minutes of Lat. W 4. 
anſwering to the Degrees in the firſt Column; which on the 


I q "LAS y-E , n r ” 
, 
* * 
- 


As for Inſtance, in the foregoing Table; the firſt Courſe is 


4%. 100 and 6; and the Courſe being South Weſterly, I place 
the Difference of Lat. m.38.27 under S. and the Dep. m. 92.30 
under W. The like I do for the Diſtance 6, as for Diſtance 
100. The ſecond Courſe is W. by N. the Diſtance 10. 


the like you muſt do for the reſt. 12 
Then having found the Difference of Lat. and Departure for 
all the Courſes, and inſerted” their ſeveral Diff. of Lat, and Le. 
ures in their proper Columns ; the next thing is to add up the 
J. S. E. and W. Columns, and ſet their Sums underneath. 

Then ſubtract the N. and 8. Columns, the leſs from the 

greater; and likewiſe the E. and W. Columns. 
As in the foregoing Table the Sum of the N. Column is 2:03 
of the S. Column 53.35, of the E. Column o., oo and of the W. 
Column 129.25 : And ſubtracting the N. Column from the 8. 


And ſubtracting the E. Column from the W. the Remainder 


Now having the Difference of Latitude and Departure, you 
may find the Courſe and Diſtance by Chapter 3. Section 3. Pro- 
blem 6. of Plain Sailing, in page 63. 8 

By which you will find the Courſe to be near WS W. the 
Diſtance 138 Minutes, as you may ſee in the ſournal for the 
firſt Day thereof, in pages 274, 275, 288, and 289. 


(beginning in page 308.) 


of Latitude; and is thus to be underſtood : :.. 
In the firſt Column towards the Left-hand (of each Page) ar 
the Degrees of Latitude from x to 89 Degrees. In the next 6 


Left-hand Page are diſtinguiſhed with om | 05m | 107! | 15”) 
20m | 25m | and on the Rioht-hand Page, with 3om | 35 Þ 
gom | 45m} 50m | 55m | at the Head of the Table. 10 
In the laſt Column of each Page towards the Right-hand is lte 2 
Difference in Meridional Parts, to every 5 Minutes of Latitude; 


by the help af which, and the following Table of Proportions 50 
Les the Meridional Parts, to every Minute of Latitude m R 
ound. 


Propoſition 


L Chap. IV. | Of lebens Parte. oe 205 
Prop. 12. 7 f the Merid. Parts to every 5 min of Latitude. 


5 Examp, 1 Suppoſe the Latitude of 1 d, rom. be Efven x ; 
l 5 find the Meridiottat Parts belbnging to it? © 


16 Right againſt 13d. in the firſt Column of Page 308, and un- 
ce der 10m. (at the Head of rhe Table) in the 4th Column, v | 


„n bnd the Meridional Parts to be 70% Minutes 

WY Examp-. 2, Admit. you werg to fd the Meridiona Party 

V. anſevering to th Lathtud? rod. ron? _ 

| Right againſt 50d. in tt fir {t Column in Page 3) 05 2d win 

for MW der 10m. (at the Head of the Table 7 in the 4th Column, you 

J:- WM @wil find 3490, which are 425 Meridiongl Parts requir red. 

e Chap. IV. The Uſe of the Table of Proportional Por 

ners felloaoing the Table of Meridional Parts, in Page 314 

the TH HE Uſe of this Table, js to find the Miridional Parti 

every Minute of Latituds. 


75 Prop, 13. 75 find the Merid. Parts, for every Minute 0 Latitude 


Examp. T. Supp %. it was 19803 16 find Foy | leridlona 
8 Parts for the Lotliude 11d. 2 | 


Fit, Find the Meridia? Pa Parts for the Latitude 2 10 20m 


der (ꝛ0 tm. being the next even 5, which js leſs than 23m.) which 
you Will find is Page 30B, to be 13113 and right againſt 21d. 


ou in che laſt Column (noted with che Nn at the Head of 
'r0-W the Table) you will find 5. 


Second, With this difference 5, go to the Table of Pro 
bortional Parts, in Page 31 abe look 5 (in the firft Columia 


the thercof J u under D, which — for Dig. % Ferindo, and becaule 
1 


23m, i3 3 more then 20 under 3 at the Head of the 
rts, Fourth Column + Bo when right 2 5 in the Firſt Colutnn, 


and right under 3» you will nd 2, which add to 1311, 
the Il 


ridional Paris for. tte 


al and it makes N ec wo 
* 21d. 2 


8 Examp. 2. Dy: it KG Wt to find the Meridiona Park f 


* ur i6 the Latiiude 51d. 2 


#'nal Parts for 31d. Am. w l. ls 36444 and right agjinit 

519. in the Column of Difference is he 

2 ery 05 7 yds "ap ba will firid 
tionul Parti t againiſt 9, and wide K 1 

iis Fretertional Parts t6 be 6 ; Ah ale to 3541, makes 

347 mii, the Merid. Parts for che Le Latit. 514. 49m. req. 

Ao oy much may ſuffice for the Uſe of theſe Tables, and 
bhi 

Rs icourſe, which J 115 is Plain and Eaſy + Tal 


The next leſs than 49m. m. T. herefors find the aum. 


Therefote in che Table 6f of 
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780 2.892095 2.802150 [2.8922006! 2.892202]2,892317 56 

I 


Bil ts 1781 [2.892651}2. 590797 2.892762 |2.892818] 2.892873 | 56 | 
PROG | 782 4.89327 893262 |2.893318|2.893373| 2.893439] 56 | 
bh [2-893702] 2.893317 [2.893873 2.893928 2.893984 55 
784 2.8943 162.8437 1 [2.894427 2.894482 2.894538} 55 
7852.894870 2.894925 z. 594980 2.895036] 2.895091 | 55 
786 | 2.895422 2 2.895533 2.895588 2.895645 


DDA 2 896030 |2. 2 IUOY Bi 


from 1 to 10000. 
Ws Pa | 


2.872500 


747 2.872448 
746 2. 873088 


2.873030 


7 
2.873146 2.873204 


2.873669 2.873727 2.873785 
2.874250 2.874308 2.874366 


2.874830 2. 8 2.874945 


2.875409 2.875406 2.8755 242. 


2.875987 2.876045 2.876102 


_ YI * 
hay 
\ 4 


612.876504| 2.876622 2.876620 q 
(2.877141 


2.877198] 2.877250 


2.877717 |2-877774] 2.877832 


2. 315534 


2.878292 | 2.878349] 2.878407 | 2. 


2.878866 | 2.878924 | 2.878981 


| 2.879440 | 2.879497] 2.879555 12. 


2.88001 3 | 2.880070] 2.8801 27 
2.880585 | 2.880642 2.880699 
2,881156|2.881213] 2. 881270 
2.881727|2.881784| 2. 887841 
2.832297 2.882354 2.882411 [2 
2.882866 2.882923 2. 882080 
2. 883434 2.883491] 2.883548 
2. 884002 | 2.884059] 2.884115 
7.834569 2.884625 2.384082 
2.885135 2.885191 2.885248 
2.885700 2.885757 2.885813 


; 2. 881099 
7612.881670 
522. 1 


766 2.84512 
: 2.835078 


iy 2.882092. 
770 2.886773] 2 


5| 2.886321 | 2.886378 


2.886829 | 2.88688 82.886942 2. 
2.887392 2 387448 2.887505 
2.887955 | 2.888011 | 2.888068, 
2.888516] 2.888573] 2. 888629 
1 2.389077 | 2.8891 34] 2.889190 
2.889638] 2.889694} 2.889750 

2.890197. 2.390253] 2. 2.890309 2.890305 
2.890756 2.89081 2| 2.890868 
2.891314 2.891370] 2.891426 
2, 891872] 2.891927] 2.891983 
2. 892428 2.892484 2.892540 
2.892985 | 2.893040] 2.893090 
2.893540 2.893 595 2.893651] 2 
[2.894094 | 2.894150} 2.894205 
j2-394648] 2.894704] 2.894759 
2. 227577 2.895257 2.895312 


| 2.888460 


7 — 12 


G 209400 2.895864 
5s 2.89 ar 896416 


* —_— _ —— 


2.872504 |2.872622]2. 


1 8807 5 
2.881328 
2.881898 


2 2.883036 
2.883605 
2.884172 


2.8847 39 
2.885305 
2.885870 
2. 885434 


2. 887561 | 
2.888123 
2.888685 
2.889246 
2.889806 
2.890305 
2. 2.890924 
2.891482 
2.892039 
2.892595 
2. 2580 


2 4571 
2.895367 
2.895919 
2.890471) 


) 
| Naam. | . * e Rn” e Wh. - 
{ 788 | 2.896326}2.896581 | 2.896535 | 2.896691 | 2.896747 35 
789 2.897077 2.80132 2.897187 | 2.897242 | 2.897297 | 5: 
790 | 2.897027 | 2.89708212.897737 | 2:897792 | 2.897847 | 55 
| 791 2.898176 | 2.898231 2.998230 | 2.598341 | 2.898396 55 
792 2.898725 | 3.098750 2.898835 | 2.898890 | 2.8989; 4 55 
7932.899273 2.899328 2.899383 2.899437 2.89949 | 5; 
794 2.899820 2.899875 2.899930 2.899985 | 2.900039 | 55 
| 795 | 2.900307 | 2.900422 | 2.900476 | 2.90053 1 2.900586 55 
| 296 | 2.900913 2.900968 2.901022, 2.901077 2.901130 55 
| 597 | 2.901458 [2.901313] 2.901567 | 2.901622 | 2.901676} 55 
{ 798 | 2.902003 2.902057 2.902112 2.902166 2.90222c| 54 
799 | 2.902547 | 2.902001 | 2.902655 | 2.902710 | 2.902764) 54 
800 | 2.903090 | 2.903144 | 2.903198 | 2.903253 | 2.903307 | 54 
| Sor | 2.903632 | 2.993687 | 2.903741 | 2.603795 | 2.903849] 5, 
802 {994174 | 2.994229] 2.904283 | 2.904337 | 2-904 391 | 54 
| 803 | 2.904715 | 2.904770] 2.904824 | 2.904878 | 2 904931 | 54 
804 | 2.995250 [2.995310[2.905304 | 2.905418 | 2.905472 54 
| 805 | 2.905796 | 2.905850 [2.905904 | 2.995958 | 2.906012 | 54 
{ 806 | 2.900335 | 2.900389 |2.900443 | 2.900497 | 2906550 54 
| 807 | 2.990873 2:906927 2.906981 2.907035 | 2.907085 j 
1808 3 2.907519 2.907573 2. 907620 54 
Bog - 2.907948 | 2.905002 2.908056 | 2.908109 2.908603 54 
! $10 | 2.908485 2.9085 3902.908592 2.908646 2.908699 | 54 
\ 811 | 2 909o21 2.909074 |2.909128 | 2.909181 |2,909235| 53 
| $12 | 2.999536 2.909609 | 2.909663 | 2.999716 | 2.999770] 53 
| 813 | 2.910090|2.910144 [2.910197 | 2.910251 {2.910304| 53 
814 | 2.910624 | 2.910678 2.910731 | 2.910784 | 2.910838] 53 
815 | 2.911158|2.911211|2.g911264|2.911317 [2.911371 53 
| 816 | 2.911690j2.911743[2.911797 [2.911850 |2.911903| 53 
7 817 | 2.912222|2.91227512.91232812.912381 [2.912435] 53 
{ $18 | 2.912753\2.912806|2.912859|2.912912 | 2.912966] 53 
| 819 | 2.913284 2.913337 [2.913390 |2:91 3443 | 2.913496| 53 
1820 2.913814. 2.913807 2.913920 2 913973 2.914026 53} | 
$21 | 2.914343] 2.914399 | 2.914449 2.81402 [2.914555] 53 
822 2.91497212.914925 |2.914977 | 2.915030 | 2.915083} 53 
823. | 2.915400|2.015453]2.915505|2 Q15558 | 2.915911] 53 
8242.915927 2.915980 2.916033 2.916085 [2.910135] 53 | 
$25 | 2.916454 | 2.910507 [2.916559 ! 2.916602 | 2.916664 53 
8262.916980 2.917033 2.917085 2.917138 2.917190 53 
| 9827 n 2.917610 2.917663 | 2.917715} 55 
828 2.918030] 2.918083 [2.918135 2.918188 2.918240 5? 
829 | 2.918555 | 2.918607 [2.918659 | 2.918712 2.918765 5! 
\ 830 | 2.919078 2.919139{2.919184 2.919230 | 2.919287! 521 


| ( 348 


3 A Table of Logarithms, 


2 TEE. EEE S 
=» 


e 


— 


from 1 to 10000. 349 J 
Num 3 . ee 2 ata Bos 4.9 2. 
758 2856852 20796857 2.96977 2 896967 |2.897022 55 
30 | 2.897352 | 2.897407 | 2.897462 2.897517 2.897572] 55 
-90 | 2 297902 | 2.899657 | 2.898012 2.898067 | 2.898122} 55 
701 | 2.898451 2.898506 | 2.898561 | 2.89861 5 2228077 55 
th 298999 | 2.899054 2.899109 2.899164 2.899218] 55 | 
5 2.999547 | 2.899602 2.899656 2.899711 2.899766 55 ] 
04 2.900094 | 2.900149 | 2.900203 | 2.900258 2.900312 55 | 
ox 2.500640 2.900695 [12 900749 ' 2.900804. | 2.900858 [HT 'Þ 
552901186 2.901240 | 2.901295 | 2.991349 2.901404 "Sy 
707 | 2.901731 | 2.901785 Kin wn hk e e 54 } 
7799 2.992275 | 2.902329 | 2.902384. (2.902438 2.992492] 54 
760 | 2.902818 | 2.902873 | 2.902927 2.902981 2-903036 54 | 
800 | 2.903301 | 2.903416] 2.903470 2.903524 2.903578 54 | 
Mein 2 op r3 ono brenghn OM 
992 | 4-3044 43 | 2.904499 ] 2. [7 Yeo | 
%03 | 2.904986] 2.H05040! 2.905094 | 2.905148 2.905202 | 54 | 
504 | 2.503520 | 2.905580 | 2.905634 | 2.905688 2 905742 54 ö 
805 | 2.906065 | 2.906119] 2.906173 2.900227 |2.906281| 54 I 
; 6 6706 6820 | 
| 806 j 2.906604 | 2.906558 | 2 906712 2.90 766 2.90 4 54 | 1 
| $97 [2.907142] 2.907196 2.907250 | 2.907304 | 2.907358] 54 | 'i 
298 2.997680, 2.9077 34 | 2:907787 | 2.907541 2.907895 n 4 
5092.908215 2.908270 | 2.908324 | 2.908378 2.908431 4: "I 
510 | 2.405753 | 2.908807 | 2.908860 | 2.908914 | 2:908957 | 54 | i 
311 2.909288 | 2.999342 | 2.909395 2.909449 , 2.909502| 54 | Wl 
8122900823 2.909877 | 2.909930 2 2.910037 53 | | 
| $1312.910356| 2.910411 | 2.910464 | 2.910518 | 2.910571] 53 i 
| $1412.910891 | 2.910944 | 2.910998 2 g1105t [2.911104} 53 1 
01512011424] 2.911477 | 2.911530 Fe $3 | i 
510 {2.911950 1 2.912009 | 2.912063 291211 2912169 5 3 0 
51712.912488 | 2.912541 | 2.912594 2.912047 | 2.912700] 53 i 
818 2.913019 2 913072 2.913125 2.913178 2.913231] $3 8 | 
19 |2 913549 | 2.913602 | 2.913655 | 2.913708 [2.913761] 83 i 
520 [2.914079 | 2.914131 | 2.914184 | 2.914237 2.914290| 53 9 
521 12 914608} 2.914660] 2.914713 2.914766 2.914819] 53 if 
$22 2.315130] 2.915189] 2.915241 2.915 2942.915347 53 Wl 
823 [2.515604 2.915716 2.915769 2.915822 |2.915874] 53 1 
| 324 2926191 29162432 9162962916349 | 2.916401 | 53 W 
525 610717 | 2.916770 2.916822 2.916975 [2.916927] 53 1 
2062.917243 2.917295 2.917348 2.917400 2.917453] 53 | il 
Bey 2917708 2.917820] 2.917873 2.917925 2.917978 52 il 
328 [2.913292] 2.918345 2.918397 | 2.918450 2.918502] 52 il 
829 3 2.918869 | 2.918921 2.918973 2.919026 52 3 
EU 2124422224224 52 | 
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A Table of Logarithms, 


| 870, 
| 871| 2.940018 
872] 2-940516 
873 29924 


moe 
2 919501 
2.920123 
2.920645 
2.921166 
2.921686 
2.922206 


2922725 


2.923244 
2.923762 


2924229 


[2.924796 | 


2.925312 
2.925828 


2.926342 


2.927370 
2.927883 
2.928396 
2.928908 
2.929419 
2.929930 
2.930440 
2.930949 
2.931458 


2.932981 
2.933487 
2.933993 
2.934498 
2.935003 


2.935507 | 


2.936011 1 
2.936514 


5 | 2.937016 


2.937518 


7 | 2.938019 


2.938520 
2.939020 


2.939519 


2.931966 
2932474 


— — 


2.919053 
2.920175 


2.920697 


2.921218 
2.921738 
2.922258 
2.922777 
2.923296 
2.923814 
2.924331 
2.924848 
2.925364 
2.925879 
2.926394 


2.926857 2.926908 


2.927422 
2.927935 
2928447 
2.928959 
2.929470 
2.929981 
2.930491 
2.931000 
2.93 1509 
2.932017 
2.9325 24 
2.933031 
2.933538 
2.934044] 
3.934549! 
2. 939058 
2.935555 
2.936061 
2.936564 
2.937066 
2.937508 
2.93 8069 
2.938570 
2. 939070 
2.939569 
2.940068 


2, -940360| 
2.941004} 


REY 


2.923865 


2.924899 
2.925415 
2.925931 


2.92747312 


2.929521 | 
2.930032 


2.931560 


2 


2.919705 
2.920228 
2.920749 
2.921270 
2.921790 
2.922310 
2.922829 


2.923348 


2.924383 


2.926445 
2.920959 


2 927986 
2.928498 
2.929010 


2.930541 
2.931051 | 


2.932068 
2.932575 
2.933082 
2.933588 
2.934094 


3 

2919778 
2.920280 
2.920801 
2.921322 
2.9218 2 
2.922362 


12.922881 


2.923399 
2.923917 
2.924954 
2.924951 
2.92545) 
2.925982 
2.926497 
2 92701 1 


2.928037 
2.928549 
2.929061 
be 929572 
2 2.930083 
2.930592 
2.931102 
2.931610 
2.932118 
2.932626 


2.933133 
2.933639 
2.934145 


5 934599 


2.936614 
2 937110, 
2.937618 

2.938119 
2.938620 
2.939120 


2.940118 
2.940616 


2.931154 


2.936664 
2.937167 


2.937668 


2.938169 
2. 938670 


2.939170} 


2 939619 £.939669 


2.940168 
My $216 [8 


2927524 


2.934650, 
2.935104: 
293508 2.537678 


8. 2-930111 11 12 936162 


2.920332 


2.920853 


2.921374 


2.921594 


2.922414 52 


2.922933 
2.923451 
2.923969 
2.924486 
2.925002 
2.92551 8 
2.926034 
2.926548 
2.927062 
2.927576 
2.928088 
2.928601 
2.929112 
2.929623 


2.930134. 


2.930043 
2.931153 
2.931661 
| 2: 932169 
2.932677 
2.933183 
2.933690 
2.934195 


2.935205 
2.935709 
2.939212 
2.930715 


2.937217 
| 2.937713 


2.938219 


2.938720 


2.939270 
2.939719 
2.940218 


2.934700 


2.041213 


150 


SS © 02 99 00 wo wo =o x 


= 


FF int RO. rn A —_ 1 ih. Ant. 


3 <4 


; 925570 
$43 þ 2.92 00> 
5 2.926600 
| | 94512927114 


Js 


7 


* 


2.932727 
2.933234. 
2.933740 
2.934246 
\ 560 (2.934751 

2935255 


801 
i | 
[1 $63 | 


2.935759 
2936262 
2.939705 
5 (2.937207 
2.937709 
2.433209 
3.938770 
2.939270 
2.939709 
2.940267 


| 2.928191 


2.930745 
4 | 2.931254 


2.928703 
2.929214 
2.929725 
2.930230 


2.931703 
2.932271 


2.933285 


2.934801 


972 |: $4076 


2.932778 


2.933791 
2.934296 


2.935306 
2.935209 
2.930313 
2.939815 
2.937317 
2.937819 
2.938319 
2.938820 
2.939319 
2.939819 
2.940317 
2.940815 


2.923607 
2.924124 
2.924641 


2.925157 


| 2.925073 


2.920188 
2926702 
2.927216 
2.927730 
2.928242 
2.9297 54 
2.929266 
2.929776 
2.930287 
2.930790 
2.931305 
2931814 
2.932321 
2.932829 
2933335 
2.933841 
2.934347 
2.934352 
2.935350 
2935 
2:930303 
2.936805 
2.937307 
2.937809 


4 


2.938870 
2.939309 


2.940367 
2.940865 


| $73 2.941263] 2.941313 


— 


2 


2938370 2.938420 


2.939868 | 2: 


| 2.941302 


920019 | 2- 
2.920541 
2.921002 | 2» 
2.921582 
2.922102 | 2. 
2.922622 | 2. 
2.923140 
2.923053 
2.924170 
2.924693 \ 2: 
2.925209 | 2. 
2.925724 1" 
2.926239 | 2» 
2.926754 
2.927208 
2.927781 
2.928293 | 2- 
2.928805 2. 
2.929317 
2.929827 
2.930338 
2.930847 
2.931350 
2.931864 
2.932372 
2.932879 
2.933386 
2.933892 
+ 454 
2793490. 
2.935406 
2.935910 
29364132. 
2.936910 
2.937418 
2.937919 


7 


2.938920 


* 29 A Table of D 

4 . 3 
il. 2.941511 2.941561} 2.941611 2.941660| 2.941716 
wt . | 2.942008 2.942058 2.942107 [2.942157 2.942206 


2 
%I 
wn 


"i 8762.942504 04257 2.942604 2.942653 2.942702 
I | 877] 2.943000 2.94349 2.943099 2943148 2.943198 
1 3782.943494 573545 2.943593 2.43643 2.943692 


0 879 2.943989 [2.944938| 2.944088] 2.944137 294480 
q {ll 880 [2.944483 2.94483: 2.944581 [2.944631 | 2.944630 
0 | 881 | 2.944976 |2 9450252945074 2.945124 945173 
PF 882 12.945469 [2.945518 2.945567 [2.945616 2.94566 

| ih 8832.945951 [2.946010] 2.946059} 2.946108 2045155 
1 1884 [2.946452 [2.946501 [2.9465 5042,946600| 2945579 
iq 1 885 | 2.946943 | 2.940992 | 2.947041 [2.947090] 2.947139 
1 8862.9474342. 9474832947532 2.94758 12.947630 
10 1887 2.947924 2.947973 2.94802 2.948119 
160 8882.948413 2.948462 2.948571 2.948560 2.948608 
I 8892.948902 2.94895 12.948999 2.949048 | 2.949097 
1 890 | 2.949390 2. 9494392949488 | 2.949536[2-949585 
il | $ | 891 |2.94937812.949926[2-949975 [2.950024 | 2.950073 
4 I | 892 | 2:950365 [2.9504131}2-950462 [2.950511 2.950560 
3 8 893 [2950331 [2.950900 [2.950949 [2.950997 | 31966 
1 394 2327-28 [2.95148412.95153 
1 89529518232 2.951872 2 951920 2.951969 215 
4 8962.952308 2.952356 2.952405 f2.952453| 2.952502 
Nj -* © | 89712.95279212.9528541 [2.952889 2.952938 2.952986 
af 898 | 2.95 327012.95332512-953373 [2.95 3421 |2-953470] 4 
id 899 |2.953760|2.953808|2.953856| 2.953905 | 2.933953 
1 9002.954242 2954291294339 2.954387 2.954435 
N 9012.954725 2.9547732.954821 2.954869 2.954918 
9022955206 295525529553032.9553 5102.955399 

| 903 | 2.955688 |2.955736[2.955784|2.955832| 2.955880 


| 904 | 2-950168 | 2.95621612.959264 | 2.955312 2.950350 
5 | 2-956649 | 2.956697 [2.956745 | 2.956792 | 2.956840, 

| 90012-9571.28 2.957176[2.957224|2:957272 75 

907 2.957697 | 2.95705512.957703[2.95775t | 2.9577 


k | 0 15 ; 9082.958086 2.958134}2.958181 2.958229 5775 | 
(136 i | 909[2.958564 | 2.958612[2.958659|2.958707 | 2.958755 
1 9102.959041 2.959089] 2.959137 [2.959184 375 
1 912950518 2.959566| 2.959614 | 2.959661 | 2.95970 


# 912 2.959995 2.960042] 2.950090] 2 960438. 2.96018; 
1 | 913| 2.960471 2.950518 2.960566] 2.96061 3 | 2.96060! 


5 i oh | 914, 2.960946 | 2.960994 2.961041|2.961089| 2.961136] 4 
1 | 25 2.961421 2.9014681 2.961516 2.961563 | 2.961611 4 
HK | ; 91 2.961895. 2.961943 2. 951999 2.902038 2.962085 


Wenn c | 
P 8 1 of LC 
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